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mnm m MfSBA^m •.. . . . 4-4? 
@itrot^i^olSs •*• • • • 4 
(Il#'%iyr3r sottX'Ofts • • • • •» 3 
( l i l ) C|»«teal syatiKtsl® of 
( I T ) M^r|Tatl^ai« ©f 
( T ) CiMfvsi^oit of e&i^tei^ids 
(¥i) H o e b i ^ o i of ftbaoi^ticsi of 
( ' t i l ) %talte of vlt««ti i A 1» 
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(a) Clifiical ft^^ets of %Bf ••• m 
trms %1QO^ to istJJr ••• 33 
Vltiffiiin A imtr i t iae aa^ i t s «ff««t© • • . 35 
Cm) Ti%a®ia **# ^rontto aaad 
{«} f i taf f i tu A ®nl f r0 t# im 
setalNJli^B •*• • • • ^ 
(a) fttamSM A m^ ffltt«l«ic aeU 
Mfttft^litii • • • • • • 40 
( f ) f l tas^J i A mni Mai(«i i^ranis ••« 43 
Vltfiials A d#fieienG^ seed i t s 
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a^smtij sMi mumBmon •.• . , . $j 
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S^H^fB MB BlS^^iaai i • • • . . . 100 
mmms m ^mt msmmt §usi^ muMUM 
mtimh Mimim tmr&XM io^mi) •.• tic 
mmsm MM mamu^sim ••» .•• tat 
^smkwt • • • «•« 157 
i,lsf m pii&iC4fi0i^ • . . . . . I'm 
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iMitim^ M.^img pr®t#i» 
aoiitaa ^^m&0. wmlftmtm 
mrum T&tiMfiX yiJsMijm Ff^t»l« 
idl®.r©.«irl^« 
fmmst immwtm 
Uymr idlRee the dlmoonrefx of ri taadfi A ^ KeCellteoi AS «» 
•SfioatiaX fa t @#ImM« iKlcjeBatrAiatit, emmZmmn mt^m^tm l»^« 
^«i» iHMlo %Q isaS*retimd i t s f ^ ^ t l o n e a a i / o r i«)d« of ae t loe 
i s e^IlnlAr wmtmh^Xism* fXtmAm & i s •S9#»tial f&r risAott, 
gr^irtfef r«pi?©atieti«m . i ^ l a thm ma^nt»m^im« of d.iff«yoiitiat«a 
•pd l^o l i a aatf amootis ge«ro^«s« lxe»|»% for i t s roio In T is tos t 
ftauiotlfims of wit&M.n k im acy otbor s i s t a ^ l l e prooooaos airo 
ao t Imoiai* tii@ i»t#xmotiOB b«rt»o«ii irits^dn k ani TitaiRlii C, 
botiPMiii vitswdLn -4 aed thyiKsifl, ^ twooo ^tsasd-B A ^sd faoraotto 
i ^ ^ e « i e c,f tii« aSrewAl c;ort«:Kt b®tve»a irltaaBdn A ajB4 
MoXoci®«i m^m&f^mmiit h«i?e bstn shovu a«p! i t Ima b««fi 
Yitaaulm 4 t o oeaniostl^ p x ^ ^ i o i im^  %te 41«1; mo pFOifltasi.i]i 4 
1» l^e foi« of ofiurotoBOs. £lioi2||li thoro mm »or« tINm 
4 ^ OtttuarmUr oectaring o « r o t « i ^ 4 8 t 00X7 dboi^t 50 t o SO hato 
p ro i l t a i i ln A ao t i i r i ty (wliy Boftort, 1S^ )« iwois^ t ^ o e * b«ta« 
Oflkititoiio iB a prodKMninimt 80iiri»i« fla^ die tax? dofieioncgr of 
ooretoaolds i s ^rimt^TtX^ 3<oaf<m^ia,# for -vailouo vit&idB A 
i o ^ ^ e s t m ^ iainot'd iiiMiaooo* f%i» ^ t a s l i i 4 dofiotoncjr dlse^fioe 
«M<ily oecttr l £ »a i^ So^vel^ing eotaitarioo l u d u d i z ^ otsro. 
fho proteloii of iritiaRis A dofloi^'Oy i s fU3rtb»r aggiavatod !>y 
oiiRkltiuasoiiit i i u » l o ^ » t t i i i t i ^ of i i o t a i ^ p ro to l s a»«!l f a t . 
f© o o d ^ t v i taMn «. a^ficienac^ am f^ig ehlMTon a t ^tuisorsitblo 
por iod , »n»raJ. pro^I^la:ft» p«igr«aiK»® teiw b«®ii » .^«» tod 
ft?«i tin® te t l m . Those a r e i ( i ) Be® of f r^ i t e liico aoniooo. 
2 
&f m^ti^l® fo@d aaterittlst ««g* »BCar» ml.t» €dl@'» fatit» diy d^L« 
mt« i s %h» Mv«r t© i t s t f t i^ t tlmm^m by m mmtmm m3^«w 
miXknlmt BkM) h&^m b«#& i..@<}i&'^ a trmm pXmmm and 0 t ^ r t± 
*> 
u 
f978| <3Bg « ^ Clijrtli, t978| Men t^i]^«, t9if| f»z m^ 
efii^l«t« ma& «l*e th* r«Ot« of wmmmvy gland eoUmlaT-SB}^  
m^m. G^..„}^mmm 
• i 
Thm ©saeistlalltf of vl t ipi l» A as a tfittat^ ftetor 
vm& f i r t i t ehowB % ryof. MftC©ll«m mt^. hie «o-«oT%©ys ( t913) . 
aiae© tben, a i^ir^at a©o^«nt of -^OTk ha« been do«n# t© e l o d d a t * 
t t e !icstl«' or w>chaiiii» of ac t lou of v l t -^^» A in es l lwlar 
s^taboiliiB* hmmntimlly thre« ^jncj^rli^iital ©odels fca^iffi' b««« 
«eed iw aieh atu,aies (1) ^.©pletlim-TepXetlOfi ai®*©! (tltaKlB A 
a#flc lencr)» ^2) feyp«rtrltawim>tle A ao i# l ^<3 (3) ti«# of 
organ or ee l ! 3 Jja Yityo» Eacfe of thee» sodele haa it© mm 
m^ritm umfl i s ^ e i - i t e , whicli wi l l not be di«es«a»®i, lu s^ l te 
of th®!^ l lKi ta t l cme , a v-^st aji^imt of !riioi#le%« baa b«#ii 
tfatliered Kafco«t the trnqMlrmmmit of TltaM» A for the raalnt«»aRC« 
«md gaetatnance of thm uor»*l o t l l u l a r i^taibollc maehiiisry 
of th® orga^lsffl* la thlB rR'rteif of litoraittjip©, the follo«l»g 
aroa® ha"«w been oov©!*©*!* 
Pro*«ritai8ln A carot-0noit!s i^iet&ry ©outroe®, tfleitrJ.bwtlon, 
t j t l l i f^ t icm a»d th« l r conversiotj to iritftsin ^ ) | abeorptloii of 
©i^ ot<»*ioSd& jiijd Mt,.aaiiin AJ uptake of vitamin A in livmrt 
vttmmin A t raoepor t in pls^memt "^Itaraiii A t ranspor t eyst©® 
( i«« . re t lno l biadlfig prote in ) | t r ans fe r of Tl taMa A tnm 
bloodl to s l l l r} ^.t^sim A Kutr l t lon ain! i t « ©ffoots} vltanda 4 
aeflcieney ant^  I tB prophyla ids . 
m.Qchm,i.&trM. of v l t m l B A and caroteROide 
fitf^KlR A l8 m g e m r l c t#3r!n wMcfs inclttaGs a l l the 
c<mpfinmti& with b i o l o i a A l a c t i v i t y of t ^ t l n o l . One ui? of 
alJ t3Piifia-'Ji?tinoJ 1« ©Jirulvaloiit to 6 «g of b<»»tJi-»€aTOt©fie 
(a prevlt.tiffllB .-i) or 12 ue of fsiire€ t!ietar?; caT©te»oia© 
(I¥.403- r e p o r t , 1979? WHO i;©port, 190?}. 
Itefr €i«tsury BOurcea of v i t a d a A inelnae \\m ae ia*! 
80»re«8 (preformed v l tan la it) Illr« sdil^, ^lEgt Miat* flil^ «te« 
a i^ th« p lan t ®»j.-n!»« {iproiritiyiids A eitip©t#»ol^8)« CarotOBOl^n 
mf a c l a s s of blglOy oooJay|sit«<a p©lyiso^r«fs©ia plgfs«*nt«, »o»t 
of which eoRtaln 40 carboB atcwie audi are sfWBMitri^il around the 
mmXrmX (15-^5*) amsfele %oa4* f i l l »©wr »©i« tlmfi ^ O na tu ra l 
catrot«woidls of knoim etruetur t© have been e>!Arao1^rlaad froe 
a idld® rari^s-ty of p la is ts , aai.»&le «ai s ierooz^aaiasa (i:'i3fpaoR» 
t 9 t 5 ) . For notyi t i^Bal pitrpOiMi8t carot®aold» caaa b« aivi^od 
In to thou© i^hlch caus b« cleaipafl to igritasiB 4 (]proTitanifi8} a i^ 
e©5^«qu©fitly are biel©>|loally aett^s^* Of tfee luaat^rwde of 
tztoirc c^TOteaolds* <»ily about 40 aa rw aa iJrovitaJKlas* 4 fw» 
of tijea ar<^ alpha-c^u^otena, beta-carot®s«» gaara^k-caroteiie, 
®p03tl4eeie;hiK#ii<«B®» crsfptoiKMatMut eltrmxantteliit f©r»larboaliii, 
apbaiii»» myxarewatMn, 5-h|rdr&3!y-b©ta-carot«tie a t e , Carot«Bold» 
l a e l t i ^ a e lasa of l^roearb<m® (carotaiias) and tfe«lr oicjrganatoi 
^•rlimtiiHi® (xantbophyl la) . Carotene vai» f i r s t iaolatod Im 1 9 ^ 
ttmik <»rrots by sadlFenro<5«»r, bat i n 1907 ^ i l l a t a t t e r ain^ Karg 
liai datarffitnad i t s per e«rit coeposl t ion. Vm relatiOD8M|» 
batnaan i8t« "vitseain A eua^  provlt^adn 4 vaa ehown by Roora (I929i 
t93D). i i -s i i lar i ty b«tiiaa« a tmct t j raa of lMfta«-cai:«tette and 
Tl twain i* was oetabllalwi! l ^ l a f r a r £$ j j , . (1950). 
( i i ) mBtribt t t ign aad w t l U m t l o n of earoten^^^a 
f^ caj^otenoide ara very conm^leacwaa i n imttrre* Tlwy 
are fcmad in aliaoet a l l f^oslli©® of irogatablea a » ' anitsal 
ki»g«Io»« (aooa^in, f9^5). fiity are pro i^nt in ^ t h 
'fortabratae and i s i m r ^ b r a t a s * C^rganlaaa vhlcb eyRthoaiaa 
c»rot««ol??s <tan he «ivl<!«dl i n t o tvo ^nnmpei pfeotosyath^tle 
laeltt^lBg felgh«r p l a n t s , algfw awf p«rfl# <50looi«a bac t e r i a , 
mfnthtusAtm carotenolfSs vfeicto are iisc<)fT^oir»t«^ l a t o pfe©to«gr«t}i«tle 
miJiMirattis t<^etb«r with Gfel©r©pla»ts op i n f.im chrmmphxtvem 
(KmrreiT sssBd wolate^n, t9"55)» Caro t« io l i s are a lso pwnwmt i» 
Bflo-plioto^^ithetle tls€5««, e»g. p e t a l s and tnxitn of M.^h«r 
fil«iBte« fli® -fifitrfLlHitloii of e«rot:.#noJ«l© In p l a p t s , a ic ro* 
OT^mi&nm and aBdmala bai?« be«B VJlsciieji^i !•« 6« t a i l by Kmxr^r 
ana Joelrwr ( t990)i SoiiNfJ^ny soiA klljm U9€0)i 9ooc!wiB (1959, 
th^. (mroteuoids a i^ resfosisibl^ for the coloar In mme 
efeeiiss of y«ae t , 1&«©t^ irla ai*l fwagl mB i*«ll its ®ai^ 
v»f»tabl«a &T^^ f r u i t s . Altliotigb at)i»ale are iBcapablf* of 
l £ fiSBEfit ^ fitheels*., tb«y a r t able to d«^©eit tlw earot«»oi# 
pifBiffit as absorbed or with so®© alt«i«.tloft of the bs^dlc 
e t i«e tor«* fime, tfe« re« to 3»«llow eolotir In the f i sh , tMn, 
stmll or #x0f?lf«let«^ of ^alnoii, l o b s t e r , cyab, crernn, carp 
e t c . in « f l»e t ly or IfH^imetly Met - i« la t«d {Sli^gon, f9B3). 
Th^ oai-otanci^ie hB.vm loag be«*r. Imoifn to play a 
pr©taetiir« role in gmm plm^tm (Kriu^cy, 1979). Raoautly, 
«pide@ioIOfi cal stutlie« eef.;-r#«t a posflM« phjfaiolt^il.oal 
role foj^  tb«* c&rottnoidB apart frees tfeelr ro le as precureoiw 
to r«tlii©l» «hek«Il® i l ^ « (15^^1) f&m& ar tn^mrm 
rwlatioasiiip batweor? the e<(ms>ji^tloii of oarot«f5# sm.i^ the 
1 
i 
lAeid#itfMS of l«sg eawBCwr In both wex^mrB aaS non-sBolwrs* 
fl« po«#lfel« i?tlatloa®ltlp b«tii«»ii caiietr aa^ prcnritaada h 
<1981). S«ta-carot®iie i t « « l f hst« ©oira ftiRCtioa I B the wtmai 
teeallng pr«««s« {'l#rWr at^ Irtman, 1902). tli« ^-onn!!* of 
•mXm giTen bc-ta-carotca® fe.«.al«d fas te r Xhwa thofi« ^"waa 
'Vitaadii >i (y«t inyl acetut©). I t I s aleo spee.tlated that 
fe«*t»*«ayet©Be i s convwrt©!? t© a fore of v i tas l t i A wMcb wa« 
mor« |>ot«»nt i r \r0u?)d feesliiig, e i t h e r i i i t «e t lna l ly or ©jrtra-
liitefttlrmlly (SimpsoBt t983)« 
Bvwy since tb© «tr«<jtur«s of beta)>-c«rot«B« flyc»peii», 
«#a»eiMSithi.n ajrad vitanii i 4 iter© (tl«ci^at«d \j Karrer a«^ 
h i s ecmor*«r8 (1930, 19?1)» considtrable asiotmt of worlr 
lias b«en doa© for tli# t o t a l syBtfessls ©f earoteeeic!* ani 
¥itm»lii 4 . the f i r s t t o t a l ^Rth^sds of Tit«ue»lfi A vas 
a^siimme#d in 1947 by I s l e r a^d feis co-irorlt»r8 aad l a t e r 
IHB a ]pr©e»«s for i t s IndtietriaJ. Mmmt'^xaXxsr^ wma iSe'rolipped, 
fli» t o t a l a^ntbe«l« of beta-carotems ^as s iao r«p©Tt«4 
sifla»ltan«ou3ly by l i t r w r and i.ugi!t»ar (1950) and Kila« ^ 1 AX* 
Ct950) ai3 .^ «!urlii|3; %)m »BCc««'dliM: ^®eai«s 6«v*ral proe«fMs«fi 
for the eoaa^jrcial mam-rfactwr© of vi taMn 4 , b«t.a-«arot«»!i«, 
caathaip&iithiii, a|>o-b«ta-earot©nala, apo-bota-emrotanole ac ids 
aa^ t h« i r ©stsrs t »@rft <!«wlopea, by I©l®r H a l» 0%?a,b,197iD) 
{J 
m& fey Behvietmr and leler ( t ^ 7 ) . I«l«r (t97f) l«Mi 9dtt94 
m y/mtf oms^TBhenmive feooir eiititl<NI *Oar0t«!io4ie* whlcl) eof»r» 
a l l *6p9et6 of cairot«ftolda, «lill« Magr@r and l e l e r (t97l) 
larve iwleiied the to ta l »yiith«el» of oarot^nol^e saA ult&nlfi A 
nitfe 01WT 4 ^ ref«t*not«, 
(iv) MtMjyiith^Bla of cATQtmmt&m 
fJi» earot®iicd*s ar« totimt»r|>«iie8 (X^trt^a, 1965} 
¥ood(mr 1965} J«n»«n, 1971) iai<S tb« seelmfiieii of fowBfttloo 
of th© earot^nolds follow the gORoral pa t t»m of t!io 
lilosjiitlmslfi of t«rpeaold»» Buring tlie past mamjf 7«ar« tlso 
biofgrsthostis of earotonoid^o in plante &n& nier^ix^aixlnBa haa 
htmn 8ti2^1#d with irtkri'oae lal^oUed pmoureoro «B^ i t }m>m )}««» 
ali<H«a that a«»tmt« ij» the « l t i aa t« pruteorm^T* Ptevalenio acia 
i« the "kef ifit«nRe<41at« iu the blosfiithtefilfi of earot«T30i(i • 
i^olt §X MX** 1956). fho Mo»yBth«i^« of ©arotenoiai i» 
eritieallor i a a l t iii 8»Y»ral rm-viev a r t ic le« (01«OD» 1961} 
Cldel»iit«r and ^a]i»jraaa, 1967} Goodwin, 1966, 1967, 19Bf} 
Santas, t973t St^mm j t | ail*t 1^1 ) • Hit eebniiatle dirngftm 
of Moajrethasift a«^ metal^olisift of earot#Roida l a e^omi ts 
F i g . 1• 
Fi re t , l i iwr was propoao^ a« tB« saia »it« of cmnmrei0a 
































































































































faartler 8ta<ll«e lis, c M ^ © fey C&p|>#r tS ji|.# C f f ^ f ) iwpper t t i 
i » ^® t i i i© as tl5:« « i t« 0 f cffliimr®l©R ^ l i tfeat seal l ln l»c t la© 
lias t f e actual s i t « ©f e^ir«r8i«m ®f fe»ta«-#ai'0t«i»e lut© 
v l t i y i i i t A I n r a t s was alm®«t sl i i@ltai»sitsl | ' i^p^rfee^ hf 
iH&mr S i M - Ct948) a»l fh^mpmrn. ^ iX« (1947.» t949) . 
lmt#at lBal eenversl^^ ©f cartst#R« to vltm^m 4 was ©<wfir»ttd[ 
i®«f l e ^toat, ©heeip afi»5 ralsMte C#©€^wi« nisi Sr#gory, 1948). 
©tfc#r tliae l i i r # r aai l a i «c t i «« ! , m\mh an l:ti®.®f (Ol-tcsi a«§ 
l a f a i s f c l . I f65) aaS c©rp«i lut^nm (Qmrnl^mmmti £ l i i » * 19T*) 
.e«cfc 1#M? ayfttlT® t i l Ml th® Istsi f t i iHS. 
cs) iM^ilffl..2f e»»» la 
Ismo m&l^mil&B o f petia®! C lar r^ f t ^ j | , « , I 9 ? t ) , I t wm 
'Wif- «!.!ff iewlt t© «stiiilillsfe vMtl isf* tfc# a t t ae t was at tfee 
e ^ ^ r a l 4mibl« ¥«»»-« ©r mt IMI «ir«!«Bt3rle «©«tel« feiaii • «Jl©^«r 
f l e t a r e of ffm %•»© pattew^s i g f^ren i » f i g , 2 . 
U&mlm A m Qmktvml ^Ijemmgm ^^hmss^ 
























































I r» 1 
C^ ) I ta4, ia^ ,ti>l,it,M«„».l,feiii: 
t e s t e im$k6 «t a l « , 1959? fe»&# 195!) Iiii4«mt#i tliat feeta-
OB® so le of t3«t*-car-ot»a«. tkm Mol©f i (« l m«tii!lti#8 ef 
alpha aad l>#ta«-carotaae Cl^«l«r £j. j i i , . , t9<3) als© «nap|5©rt tfe® 
^|np©tfe«©ts of t#fisi.Ral oirii?atiOii t.fj»#yy> Iccor^lBg t o t M s 
l>«ts^«^aT©t««iilfi @r a|>o-^ts-CMitr©t»E0ie neldl.® wMeli i n tnim 
tn thim t!i@<ji^, fe^ta-^iclflatimi t » t « t |>la€« in wMefe 
©xiiatleri am! «tfe»#ipeat iegiraiatlcsti sf-mr-la a t ftithftr miS 
of the ©tbflenicf iGsiM® fe-ooi with 0f«ai prob-nfeilitf i m t i l tl^^ 
Gg^ « » i t i e r#ii«h©i» the hrmmh metlijXs a t C-^» an^ <'M3* 
"Kill all©w fe«ts-0-jridatiaa» im^ir^r , t l » ®.tta«* %®yofji the 
CNi^tml p©0ltl«i wi l l BOt t«»^lilf ©©(Mf ^ i !^©« %hm hr&neh 
fflftttoyls att ©•I!? l i » a t th# alpfe««p®«itlo« td tfm tewii»al 
earfeno a t i » , 1 ^ t© r©ii«iiise@t "Is© a©iitr»l 4a»fel® hemS- of m 
&»m$uga,t0d efst«® skmili }m aor# etabl© thae thB t s t i s lnal 
€ii#® anf? shatiM b« l e e s ai0e@ptibl«* t© ftttaefr. Ql&w<^r mi0 
tn tfee coriJttgat#i nfct^.i* I s tli# !»@ wM.©h i e fr«f«Faljlf 
Q.ttmc¥pB:. l y KgOg SB^ 0 ^ ^ , fit® ferw^tlaii ©f a|^"fe#tii«»ca.rot«iml« 
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»p#<si<»s (''siss'^y»t#i« aufi atgedmet t960) . flit f^^drng of 
eorrespomUn.? nelrf i.n .rat awS- etoicfes CBnifeaelitr £ ^ ^ 1 . , 1%0i 
mrnima. £ i ^•t t976}» A|jo*l3«ta-cai*©t«BOlQ a a U s are 
Ifseiai to to® Misl©gl«»lly a.etl^w {fieaf®»rn, 1960? i^ «^ P® SJ. isi«» 
t9?1)* *H3t si>o-4!«ts-im?«t«fi<sl€ ac iSt oa;?' M dtgr^?!©^ to ISit 
ii«ixt %&w9r h€malmi^mst. whliis In twro mre 6.®gri^ ©fl to 
fwtteole aei«8, witli a sa l l pirop^rtiaea of i t Ijtlng attached 
by the <!io.3eyg»r»i® eyslse* gi-¥1.114? r t t l B s l . 3^© i t apt-ears 
shewn tt»at. l iT#r li©aio«©sat©» mnsi iat«»stJ.B.al ssiicosa ef r a t s 
can r # a i i l y ©3d..t1i» ip®t.iaaJl t# yettmole aeM ^.fA ©F wltheut 
ed6m6. eofaet^rs a«€ t h a t mt^ eb. ©x1,.clat4©e i ^ i«t-ri«i o-ot hf 
ra the r Eao-epci-cifle sMalty^© surldas® iQtem\f i%Bt H t t , ! 9 ? t ) . 
&if«»tfeetiifh tl!#r© a » aauif r«p©rt® that l3®tm-ca,ret#!^ 
i s ©nil' half tt« aetlipe ae "iltaatis A on w»if'lit b a s i s , 
.I«N»liB i194B} r^pm-trnfi. tha t fe«tjt«-eaFCst«iM* I s m aet l ' te ag 
•^itarsi« .4, i . e . two soI*»««l«» of 'ritsi^.iii A ar@ fonse^ fp^B 
e0iitirji.l «-!te,%l.« hmt€m l®®#^ fm %hm Bttmtmta of eoa'nsr^oft 
#f «tfiic»eti'^» fe#t»«««®tf«t»^^ %• tfc# r a t tiit»®ttii«# 
se t c l e a r l f kaown t i l l tb« i®©lmtl,©ii ©f » »©l»fel® «iii^m« fsrca 
tfe# iRt«8ti»© ^^€ l i^r t r wfeteli c^^ el»m^»» ^ta*«iarot«is« i n to 
%w^ ffl©l«ctil©e of ^ t . l ! i# l (&©©#Ras& «Bd BOMBS # t f i f f Olttm aisi 
hm» te«wii p a r t i a l l y parifS.^i fr©ia i i s t ^ s t l s a l i^.€<i©a @f f»w 
nElsal f95?«ei«e C©o®a».»ii £ J t ^ . t 19€7| 01.®<aa, f9^tj yt%ii t ^ iJi,*, 
C t ^ 4 ) feoth rmBbit iaii.f^  t«tB#a f ig enmymBB Bmm t© reeesfele 
#aMefc ©tlier In ^ » i r f r o ^ r M « c asKl n.,©«i«p«ciflinty, fli® 
Trnwimmt^ fef &©Msaa (1969)} Q^^tmn WR€ <i%.mm C l ^ f ) ani 
the r©laM-^rt imrttn of t l i t t^ <> pathwajs rsfmr^lfig t1N# 
stiwerr®. I f tt** ¥«ta-emrot«R# wa« to 1b# el.@mi»€ tmntmlXjp 
«xcer t ln - a f#w reporl-© (loetait 1948), i t l » s 1^ «fJ a^s«ft#« 
t h a t teet«-eai*#t#»t ! » atomit 5O*€0 p#r e®«t a s aetl^ro mm 
®©l«ei3l« » ^ te cleaire^ r a t t e r memmpmQlfi.mtllf at ^'Wi-ml 
«*fel© fe®ri4e» tl*# primary a t tack ti€i»g * t Wa esa-lwd ao«M.s 
I)®»K! gi^R?? rim im rmfStrntm ^m r t t i » a i i 0 l ^ € « ®© f&rm^i I s 
1? 
a t t « i ^ t® ^MKm liMiB »afcS.« t© ^itderstaad. thm met^aA.mt o f 
«te«9Tttl€«B of ear©t«fiolis» l«t®«aly« stt>^i«a I n aiff#y«ij1: 
q^e l«B o f amiwals lia-w 4iiilc»t»<S m rmth^r f«rewllar 8p©e4«« 
1953) • ^s &m^r^^ %o tfee !:^ ,3n(se%rb0R <mrot<»ii^!!ii the 
^^Toaty caw>t«i:t©lde f®W8 tte© Wit 9t t l i« p i ^ # i i t « l a %h» 
i r« i^ tabl« kiag^oiR, arJ j fe t f tfe« forsier etin|poi;sftis are 
p f« f t i i ^ f s t l a l l y afeeortMii by <H»r6 Ct i l l sa i a i ^ l e u , 1940). 
S a i l o r l y , tli<xn^li th«_ toy*3r©3qr earot tso l i® eiE©e®€ 1M*ta-
«iiji0t#?M? In ^^ir i i © t , ttee fe©ri^ afe8©F%« m&^Xy be ta* 
«mf«t«ii# (J!»l#ae®lster «-Bi f t ts ton, l f ! !5)« Fi»rlfe«r, 9 « t ^ l y 
mt ^^ { ! fS3) S^ve d©»iaietrat«« t i ta t ^h*»u po-rt i»f«t«BOide 
« i« f«<i to csaro*©iioi<S-dl#pl#t#i d».i<*isii«t oely feyiroxy-
car0t#isoias ss^p«ar i n tteelr t lgmi^s l » larifB c#Be®atra%iat«, 
whereas kyaroeay>/«B earot»isoii8 eaa INI fetas^i mJL^ I n f rae t 
iaBkaly»l0 o f tfe© cayotftuoid® j^r»«sist i s tfe# ti«!@«»s » f « 
»unb«r o f «rjiiwulg ©f varicma ®|j»el«e, f>©iefei»i8t«r (195?) msA 
©©odwin (1954) hmm cla3sif i«af irarlmst aB!i)K&l« i n t o foar 
ii 
Ci) Tk^mB aapatel* @f stori-of l^i-oearfc^ti BM well mm 
f^w^Bmy •mt.ftiWmeiAw Ct^i^. mm aw* fr^m) 
earetfrn^cif?-© (»©st ®ai«il.« Hire imt, p t^s e te*) 
C«o atiiisuls ©f t h i s ©liMi« ar# fencwfs sgii t M s i « 
cliarae'fe®ri»tie of MFi.»» e»g» ctsiek^as) 
i i f f# r#Et £^#ei©e, I«i©h»&l®t®F Cl9!ff) has pf^eaedi ^ . a t 
®©l«etio» of til© ear©t#Bst«l® tafet© plum t « th© iiit«utiB®. 
pi®f#i^»tlmlly d^grai^ the e-atret^Qoids in to ecilcsirlese 
prcs^wets (Goodwin, fff4)» 
f)i« ©tli«r coB^c^pt «ms %!»!! |s«,t fOf^a.r4 ^y Sasftilf f i ^ |« 
Clf«l2, 195"5, t9'^9) and IJT Irlslmaimrtlsf t i i i . {f9^e). 
Aceof^lii.g t e tfee«, tfe« prs^r iee ©f ate^Ree ©f susltabl® 
««e«ftor py©t«lfjs iet©ratii«s tli» ute^orptlon or T«|«eti«iw of 
F«to t l i i « ( 1 ^ 1 ) comminte^ on thm r©lstitr« ineff id^f icy 
©f thr» iutisetJ.nal ccrn'rorfdeit of beta-emr©t«>B« to r^ t i f io l s , 
a t th© raffle t i a ^ polatin^t mut t ha t i l ^ a a jo r i t y ( in poor 
e€«mtrl«s alfKsat a l l ) of dietat^y v l t a s i s & i s a«rlTed fre® 
lmta-carotat)[«. iiurln>;i f^lgestioni of ©aroteuolda food stmffs, 
carot«nolo« ar© r^^fejeet^d to the ac t ion of es^ ' ra .see, l i ^ o e e 
and prot©a©®« W?T1C#< r^leaa^ th® pli^ n^^Rt® to fee ao lub i l i ee i 
hf the b i l e ealt® {Cl»|>8on, t9S5)» 'slt^lR the- sucoeal ©ell, 
th^ carotenes say b^ broken down oxidat ively t o re t ino ide 
Qr to a l®»eer ^«gr«®, abe€«rfe®a intitot* the «iJcoiiirert«^ ^ t a -
catrot^ne i s tt?«K Btor«<? l e adipoea tisai«» a® «©11 as otlBii* 
tiasufto. About- to to 16 p«r c®»t of f«6 b@ta-ear©t«iie l e 
abso;rb#<! hj tej?!iai5©» of %?Mch 60 to 70 p#r cBnt Is- oouir«!?rt»<! 
to T^-^tinyl et't-ora ar/? 2€'' to 50 p«r ces t ©nt«rs tbe c l rcala t lo t i 
ae b€ta-<mrotime (aoodtsiAR gjt M.»» 1966; Kational Research 
Coimeil, 19.^)# Hyp®yr?4rot#ii«ida i s not t o i l c to bo<!y at a l l 
CI?ACV ••-i^.-ort, 1979). tbt* ooiSTertiion of carotene to r e t lno l 
I s not an a f f ic ten t p roeeas . I t i s .^epen?^#fjt ou the loirel 
of dietary' pi-otein (K^iaath asu Arar ieh, 19T5)» ©tMr 
oaro'^aaes C: reissachasara §Ji ^ ^ t 1976), b i l e a«e saltss 
(fcl«5oT'ab et- ^ . , f975) aiy? llpi<5 (Jayara:|aa £ | isJ,,, I 'M)) , 
the ®f^ ':'i Clancy of the clea-^ w.^ © of c%TOt.»ii«s 'riae a 
6i.TBct bftaylB,'-; 0« th© l©v»l of p lassa carotenoi^s iaiw! tlmtme 
€aMM|« C-^ lfisp&on, 191^3)- i^ -at i n t e s t i n t M s a imrs- ef'^ioieist 
i : 
elea^rag^e eassise wMeh re w i t a in tb® \tm p l a ^ a cjaroteneiae 
|.9ir@l«»t *rli®i«tiK IHMtii Irs test ine i s 1«»E e f f i c i en t tsxiA tfeas 
sane p l sees carot«ROitfs e^ a^s, be fcmiii« One© als^t%»d, 
carotemsdds «av be ^epo^ited i» tb# IlTr#r or otber orKans, 
f a t ?J«f©tft- d»f! r*»iia.l e©rt®x, atfe«r«fgatmi« pl«K|B«e, fl#»ht 
©bl», mtllc ap<l «ac« <-iii8p«©!i a i^ Chichester , 1 ^ 1 ) . 
y:^ tfcagia At the uiecJiaisie© Qf absorptleti ©f vl taME 4 ha® b©©ti 
e<^ g|>rfl!=©"?iiii-v«l3r i»vi#K«cl bf R©or« (l95T)j OaRirtsly Ct^ Cf^ 1967) 
and Web«r Cl9?^3)« After iftg#»tlOR, d ie ta ry i?ltai8lii *» I B 
#jlol?Ml«e then pans Ijato th« l^i^sts of itiodeaum audi tey^roly^d 
at tfole %%wum by ®et©i^r-« derives? fre^ pancreae or iHteetln®, 
fteess lipjfl pros-liietg of *llg®®ti.0Ji tJnia irstewtcf: with bi l# 
©alta arxf d;Olc^gte,rel to fersi soapy a^regat©.** eall®*! 
*adsEed mie®l i s ' , vhich thu0 #ea\3bills« the vltasdti A . Tb©^ © 
aiiw^ Ei<^ll i ' eif:fti8<& i n t o tlie g.Iyc<spfi>t«tii lay^r stJirrmm-iliiif 
the microv i l l i or brwsh bordt r of fsaeeml e e l l e , wfc«re tb@y 
coB» in c<mtfiM5t udth ist l l ®»»brar^a and tbus absorb i i t o 
sii»c«>®al eellH of iii1^8ttn@» MasdEws absorption hme bueii fmin^ 
in the l,?i5phiit.lc® of th<» s5taaH i n t e s t l i ^ between tlte \iprv?*r 
a ^ 8iitJ':?le tMy€ of the intfestln® (Plaelf, 196«?| a a i ^ i l j , t9f7), 
In tbe iat#®tin«*, r e t i n a l mA rmtXm^X e s t e r s ar# cor5.¥©rt«if to 
f« t inol %ihieh i s tb»K. ee te r i f l«d bj ®ae©sal ©SE.'r^es aiofitlj 
*dth i ^ i i l ^ t i c aci^ Sfid tbfiR tf'Misport«rf with low ieriit^'-
lilpfOprot*?i«« (Ll-'L) Of the ly®pb« 
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It hem %««n i*fiQB6tjem^ri tliat wmm vmtfhms0i^ mf-lnml 
asm mlmi a^8et%«i« Hre t* i t ime r®p«rt9i tliftt ipttinoie »«d€ 
f®wi ©f vltan^m A i s atltfeer afei^rlsi^ fr&m tl«i i»t»»tiii« Bor 
« t e » i lit tfe« l iver (AWBB mmi& »'sm Borp, 1^€f Dasfllag ai^ 
BsiiKikh t^ aJL* Ct^4)» Si»iagtii sMSkL* (19^!^) » ^ Mppcl tad 
0X8<m (1968) feaiw ««iieBsti«tei tfeat witiaoie aeid i s f%piai|^ 
ii^ «oi%#-d aafi i8 s ^ n ^ l j rapiiljr iid1;«i^ <dliee4 and «iief«^<S 
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»e gl.s<ref«nl4!« ttermatte th» Ml** Miter w©f* iril^ C-
f«HB©ie ae i i eSi^imtA tlait i t i s rafi^lf al>sorb«5 thrCKMife 
tim ipftrtal font© {ftim §X ii.«t 19S8). 
flier® a w facf©!^ tlmt ee®ty®l %le^ yetinol lt^?9l» 
#tlMir than ffiet (fer iBet&aisft* li.#«Na3«»« ©r ftistawi «tat««)« 
fl»« crral contraeeftimi u w r s hipf© ll»«» i»»fOrt«4 t© linwa 
MgfcitJ' tflooa r»tiiiol t&fan ii0R-^ui«r« ^ a l ft. l l«f IWIi 
«6lft 19S?), ffe» ataterptiOB ©f cajp©t®iioid8 saadl iritmKia A 
i e alW^etwS ^ t ^ <Sl#tajg' ©tutms ©f pr©t®lii, tfpa of fat 
and liaiifi«l ©«ie«?iti«iti«m of the fell© ^iXts (Iollaai©r 9m& 
Heri i i^rmt f9Tt| ^«b©F, 19813* A ©trtaiis part of dietary 
iflt«§aa4is A/«»rot©«©ii®, wfeieli i s not ates<3r¥©i, i e t-xeret^^ 
mm mti^ i e th© fftews (Bel^ aim jj t al«» 197?) • 
Cvli.) fi^ ,MW ,f!X,n,?l.1fiMl 4 la lint 
bto^&ft iJl a i* <ffS2) Mim 3r©ji©rt»^  that ^ t ^ a A 
(in lew a«»«ity lipopr©t«iii«) i s l^ie«R uf i s l t i a l l y li»y 
IS 
feitfgtt#e|ft«« aai •©»» f e imlmmm^ fwmk tte#i^ ©©Jit im ia ly 
fwm-|»ar«fteli|'^l »Hs .» tim rmtlmfl #gt@Ts t n lew «ts«i t : r 
lipfap-yoteiQR @f the plauwrn *Ji-b&r "It*® l l¥«tr si«tte<rt.<lg aaS 
c««i« let© ec»tafr-t « i t l i f s f « n ^ f i ^ e e l l swsifef^mea. 
Mp«»pr«ft«ln l l p» i© «l#.gi»i:@ t i e t f l g l y e f t r i i ^ s 1 B tfe® l&w 
»(esEterMi®s h^T^tfm t l » r e t i n a l «®t«r® ClfMCr i@p©.j«t, 1 fT9) . 
l i fe®im^i. t i j «s-|@f^Mi ttetlen ei'eiisiir the "^mmchy^L Uhmr 
l i p ^ f « t « i p . .fraetl«tt iBSi- b-« tii^:#ii lip fef plm#©f-^)®i®. 
flmmm r e t t m s l - M s i l i ^ |j.ft>t«Sii CSIF) i i » 0 B«t apfstaa* to te# 
ii«iTOlire4 i s thim iptafe© fro€®«® %j l i^ f«r» l® as ^ € * i a® 
f«t l .uo l att.s€ife#4 to ftlf «,scha%f»® with mmiimmm f ^ t l a e l 
I I I ^,1^1^ * « l f iwiry ©lowly, witfe » ha l f 11 f® ®f a'fc^it 
tl3»© lM3i*r»* On tlm '&thMT fe«®i» © t l lm ls r i ^ t ion l - fe i iw i ia f 
f f ^ t # i p iCWiB?) «i|f ««il i hm til® aie^eftof witfelw %lie 
f i» i« i i^y»al . 1^11 (Ong «c^ ^ Cfeytll» !§?S)» iftiefe t i^^^ j©!^® 
®»t«'rtft®^.f I m i ^ l y te psli&ltmtft # s ^ r a i ^ t rass f -R in^ t»t© 
a. «©lwfel@ c*a»|jl«iE »t:er««»l«cBl® waB0 w^ @f irmilimg l l p l i ® # 
IS 
whii^ 4E iifel# to fefis^lfi© {pttlayl mm%»T l^emli<m^ 4» tli» 
mam ag^i^gftt^* E»tftT«u^ ft#ti^1^ i » @i$Miie«i t>y an 
»ec#pt©r for imes-fearifia^l i««ti®sl swcSi a« ««fit® allwailfi 
ti«B«f«rs<nl fyoa l i e Mi^ ln i sit® 4a tfe# «t.©rat# efflii|pl«3E 
t« l t « ^#e4fS.e plaiHiia fel»Sl«g fr«Mt#i». 4ItlM)iigl? iedlftt»4 
is«ipRrsl stuii«fi heem i a i i ca t^ i that y«t4i^l ««t»r« 
mm mt&rmi in thm Mvnr i^oeimm £ | n^*, t965t Bi«l»» fli i i*» 
wm& Olson itf^ #89ffiaiJBf (19^3) fenif® ae^se-ttS ^ a t the* l^fiitie 
l««Ni'«9Ft et^i^m Ito^^ (^eiieliiSe^ tliat B«iipftf«»««!b|tMiidl liv«r 
«ftlls »t&m vtisamiM 4.* fi»i9» f«f«]r%« pr^^My' i«««e4%« 
t9?4), ir4t«i^ UB A-etorliif &»llm CTa«iiia a?^ 8ii«e««iiat 1 9 ^ | 
t«*«fSa, I f ® ) , 14ip©crt*» (Bri»f*iai«|®i'<gj| ^ • # 1 9 ^ } , 
^riidtiyis&i^&l « t t l l« t« e s i l s (Viiid ,^ 1 9 ^ ) , f«t etorlBi e«tl9 
(J^_ginai?e amS. fataailde* t 9 ^ ) « fl«:f# i s % ©«satye»tpi^ i» 
tli# 14t®i^tuir# sui t© wMcii l l*«r ©©lie eiaitaim tim 
fliS'itel^^leally li^ortaiit i l^idti i A «t©ir»#. I t 1« now 
^neyal ly aceep*i«^ tte&t t ^ Iieipff^r ©»11# a r t it©*! « iMjer 
? 
t l ^ . , 19?5l '«aif«» 1f f4f S©feiB®«-aii« l ^ r a M r f t , %Wfl)* 
( i r i i i ) 
f i t t » i i i k i e tisiii:0f?oyt®4 In f l a ^ » a® tli€ l i p i i - alcohol» 
f » t l i i © l , b«mjid t e a speedfi© limmsporl f r o t t l n « . l l® i f lara® 
t«t l i«>l-b l»diBg pr©%«iii ( l i p ) (I^wdL f l gy^>. f f f i a ) . I^r tnf , 
i^teit^ayel^ri gei f r a i f l a iw i , o f "^a-iKM® inirt#1ferm%« ^#- i ^# t apS 
©iim l » d i ¥ l ^® i iBt® ttei^ ee t | ^ « t CAiKm-# 1979) • I s wmmrnXm, 
Misgg, i%|>tll«s ®Bi a^felMKBtsSt '^ItasBia 4 i s trmiw^w^^ as 
if^-^M^l %©I«KI t© f«tl.s«l«fe4.»ilJBg pr©t#i!i# f i l l s pre%@l» 
<^rcttlatfs® I n %h» form ©f a i^Bpl®it <1»1 «e l« r ra t i©) Roe« 
^ r m l e n t l y -si th a fe4*|liBr sM3l«<mlap i w i i ^ t pp»t#i is, pj«al,baid«4 
I I I t«<lpol«e Mid ttm1mm» ?#t iB®l i e tpai»p©rt l>y a n e c ^ p l e i ^ 
r@tln©l-l j l f i f l iBg p3N3t«ia« I*BP I s d a t ^ f i fro® f i s l i {if^Ucw 
t f l t i la) warn mmiBy^lmt mmXl^r C»©leealsr weight 16,CKS5 idalttme), 
A epeclal cmi^ in #i» liifflprejr, -s p r l M t i ^ ^ f i s h , l a wMeh 
^tanlJB 4 1© fmmi af"taiis#i I s t l ie fofm ©f » -mtlnfl 
leftist tat© t© a Mgl ier e^deimlsr w«l#fet l l |*©|^rot#ij i • 
fhe def lc le i i c f of r t t i u o l I t s e l f a f f#e t traajspoyt 
o f ¥ l t a « l i i -4, I t fs@c^ i5iees tb© pla^na l®v«(l s f i « t l i «> l * 
f i l l s i s Ei#d:lat@d %y a low»f1.»g o f tli@ e o n c e n t r a t l ^ ©f 
t«il0*liB.l' as ^m. f i r s t s!«iiQfisti*at(i^ lis lii® fmt Cf^nto §^ &l»» 
1972). 'Bifisc- l e alee a correspoijiirsg ©l#iratlQfi of the pc^ l 
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Of i^tiTe apM^BT- wfete*^  ii©ciaialaf.«8 In tlie Itv«r« f!i« si t« 
©f acmjBwIstiiai ©f tli# prot^tn witMa tlm ce l ls i« a t l l l sot 
«(»^X#t#lf el«»r Ctle'wr, 1983)* stmiles oii t!m distrHmtlen 
©f MW !»*«#«»• ©®11 frae^CHNi ttm& llK%r h<»^^«8ateii ©f 
'Kit^iia ^ ^Mtki^mmt ana B©JI»1 iiat© ( l^ i tb £ | i l * , 19^2) im-w 
i»ii«M&t®<! tliit th* f>©©l of ae0a»al«kt#4 a&ti'w IM'- i«er©*«»8 
4B tli# mi&tommiB |»ilor to th» Clolgl aq^jparataii. f3a« 
»e«Rt«(.lat®(S protein i s i.wmmmlmi.t,Blly iMtrntimguXahmhlm 
fr^m m&T^il BM mi^ #©«« BOt a^f®ar t© ©art^ au a i i i t i ima l 
sigiad ije|itlti« f&r atta©ltaii»iit» »iy» t© the ©ii4©plaitfii© 
jMtie^ltsii (ianitfc £ | jfcl^ *, 1^2) . 
<i3^ ) .PtiUisa, fl.yaLtmill ,4, , i»U»l) . frm, i l t i i ^ , .ff, Muft,. tlnii 
l©tlfiol-^ii»4i»if f ro t t i a 1® i^spiai«ible for ^.m d©ltip»ry 
©f i^ t lao l from |itlm#sa t© %hm ©x*wt-te»|^tic «tt«« of a©t i^ ©f 
til® irltafflia, C«yr«ist Imf&wmtim. sn^eet© tJiat th» dialiiwjy 
pTO&»m^ iWTQlvmm mill iRirfao© f«©©|s%©r« f©r i^ t ia^-b i i^ ia® 
p^ t# lB Cllaafe a»a F«t©r8©ftt 1fT€| Cfe«a aoi B©ll©r, ^9Tf)* 
f!i««w» impm-tn i«^ic»'l« tfefct jwtiii©! BKiy fo Is l^ y tfcrt© 
f©»«iMllti#» <a) ««tiB©l-%iii<8in l^ tr©t©iii ©ay Is© %©u»i t© ^ » 
«©11 wm^hrmm, Hk© ©•'•©fnil poly^eptill© fe©3P«im©e, m^ thereby 
tfaii«f5ir tJii« y®tli*ol «©l»cttl« te tfs« cell®, ©r <l>) Sitifiol-
binatng protein w&j b© liif#mali9!®d fey tfe© ©©11, deliver th» 
TltayKlJi ais# tfe»ii T«l©a«©€ t© th© 8»€49it agaiii, mr Ce) mimitt 
sis©mitiB ©f retfa^i ^my diBmciA^H fro» retliiol-^ifi^tug pro-teio, 
ii««©l'^ fre©l,y ia plaesa, and tfe©ir©aft©r %© tak©© «p by t}m 
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1 ^ HBP «el«'Cii^ies as^ the tlm^m m>ll«m 
I t ira© ^mtm hf C^n mnl 1»11«T (IfT?) that i«ti»©l 
««» not t€3r@m iff* 1^ t ^ tmtlB vtimm i t «as pi««fHmt »€««» 
i^^eifiealZi' b^naoeidf to INrti^e emrwn lAtdtiia* ftoit BBJP 
•fpear® t© <l#li"wr if«tln«tl fT<Mi fel.«©4 t© ®f#^fie «»11 
«irfji©(i sit«B tliat *r«e^at«»** Slff' tw&l«ty of BJO?-^ A eiwjplwE 
aaa ft»l.«ms» iretlnoX te tli*«ft liM^tl«me* S«ti»9l* th«a 
#fitor@ tlt^' eeH for ai^ %«i*ipe»t iffiitmboii^^ mti «dtioB« 
PrtallRWdfi ly^ B© «ff*«t eti t1^ ® bt»s«i«« &f WB to r«ii«ptor» 
ljit«i«gtia«ly, apo-fiil' C81P nitfeoat l igai^) «xiiiM%«i a 
ImmimT tkfttwitf tt&r %fe« i«o«ftor »# w®!! a« pteall^isils • 
e»gg«etiiig tt m#eh%iii«i «i)«ir«%^ aft»F d«lifitfif^ i t s ivtiRCd 
t9 tiMi mil* ii^ |^ o*ii£P va« 4ia^lJk«ft€ % a»otlM$r «edL*o«l« of 
l^lo-^.:^. Thin wm^.mRiem mmvlm^m titot onl^ z«tlii#X im« 
ti^s^of"^!^ ia to tbi eellii* wMl# tfee fei»8t«g proteim sta^pud 
i s wii.«ctl'»»ly f l l t«f«i 1^ x«sial gloiisrali (f«t»raofi, t9?!») . 
itf«3%l fHMtiflRe i ^ e l i fwnaiii wRm^mmm^ to aiit« ax«t afttiaro 
aAi i«g«latiOR of dl«liv»fy p*«is«ii«, ii»tai«- of t l f ipoe»i»ior 
$m0- 'iSm fmt€ of pr^iairaiititi nfettlior IIP y^ialss fw^ smi to 
3 i^««l.tiieeid» awidni ioliwory fit»Oft38 OT o«Xy f*e# i lF i® atr^ 
to ro.e^iiis» t l o t»iiopt<«r* 
?'> 
%® iwnttmaa. liimdiag froteia liae INntffli stuii®^ #:r1i«B0i'v«l3r 
dmtia^ the past dteaJe, aai i»fOf««ti©e i s M9ir airmiliil^lo 
abcmt i t s stf^ettir®, SMitafeoliea saii Moli^iteal rol®s 
EBF hats %wi«K piriflfsi fi-c* varioii« 'f«rt#l»f^t« ®|»ei««, ^m,. 
l y 
?fe» yi«M a»d tlm degree of f«r4fic»ti<3» i e p2*®f0sai«/*ff©ct«i 
by tSi« »tliCH3 of i t e i®olati<m. Ttm MW ii©l«eal« i s * elugl© 
p&ljp»ptM^ cMia of al^out t85 «Bi«© acdi iw«iii»» Cflii»l9<ml«r 
w«!li|fet ^ ^ 0 5 a a l t ^ « ) aouft e^mtalBis is© b^aai l ipiS Cotliex' 
Ifeaa i«%ia©l) as i no esrijtobyirs'la aoi#ty {3y»«lnri-i*»a uid 
6«s»t IfTSt &ooi®an, f^©) . t ^ Mi^lnf of retiiiol t© EBP 
dd«s iiot i^»@# siffiifiesiit €b<izii«@ in -11^ ©©nfOfimtioe of BBP 
(Rask @t al .» 19T2| Beller a»<l Saronits, t9T3). C^alitatiint 
«ti*ii«i! C3«. tJi« ial»ra©ti©ii ©f re t iao l ultfe mpe KBF tih&iNi^  
that wtla©! «a« tiglitly feowsfi %© SSF m& f^rtb«r, tfe© Ma^is i 
of a l l tran©«-r«ftii}el t© Bll' wa« kighlf Imt aot afe«ol«itely 
«f«cdf1.e# k tmmhmr of isoMtr® of r o t l a e l , rotiii&l AM II«11 ms 
rotisoi© a«3i^  aatl re t iayl aoft^t® cmXA Mai a.po-lilP witli 
fmrartui ®ff«etiv©ii«si! (Botoraoa, t9?1 | WaifciXml aai 01owy, I^Bf 
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fbttSt ^^ mp^mtfi^it^ of iBf s##gm t o fet ma|#r e«iitr®lllug-
s ^ p i», tti« tst l l i iat icm, ©f Tl taMa 4 aB«l i t s i s r t v s t i - ^ s fey 
%i®.«e ( P i t t , I 9 f8 ) . 
t l t s a ^ a €15 immsmi tm tim fei® #f a »p««ifi« ©ftirley p t t i t t in 
r # t l ^ l ©st©y t& retljml, wMeti tMu fere® n ©©ii^ l®x irl'Kh 
fttinQl-lsiiiiiiig p r o t t l a i^pi^-Bm) (SarrlS4» t | , i ^ - , t9?9) . 
f#tl,«©l tn a f i t »©l.ar am^tms. i » t l » «^ t©f la» to h% kmmn 
a s ii@l^i^"iar, ftd© holo-*!? i s tatem nf hf tli» #©%! appai«tw« 
w M ^ t i« i«p#r t« i t t o t!}# p l a s i ^ wmmhi^am tlapcmgh ir»i!l.el«®. 
ffe««s i?@®i0l@8 fti®i with 'HI® fslm^m ^'isfeiia^ «»i 9§eref® 
t ^ feol©-*W in tfe® M»o<a Clj©l®ea f j | ^ - t iWf)- Kierot»lytsl«s 
liav« 1>«f*ifs 8li.€w» t© \m inTmlipei i n t M s ti«9®al..©eati©o of RBF 
(3«itte £|, j;i«# tfTOf Joghi a«i§ l i « x ^ , f ^ t ) . 
I t i s a«p««teeBt OE f^Hmd&i? fatetorst 
( i ) yit,aaiia..4 E.t^t»f I RBP »jiitSi#sistA i a tJ» l i i » r i s 
aot asbillE-ti i i i t s *li» plaiaii. in t t e al»fi#»€S8 of "rit«»ia A, 
o •*-
a e © » i a a t l # a ©f »f©-t^ SI* in th» Hvmr (mmr»^ *%t liir»F« 
weight) anfi i r a s t l e f a i l i n t l ^ plaifflwi dM e&nmntrsLttoa 
(i«#« IBP intli- f>»tliiol) ItiPftl® l a plaiwa ar# i«»lat«i t e 
«ll«fiia'^ ^ p p l l ' of iFltaidii A msM i t s KOMHJB&^OIS fr«»B tlimr 
t o t«ri5et t i s 0 i i t . ©i«iiifeBr«, «8tlis*tl®8 «f Slf i s »oir« 
ffe-ratiral&l® far «»«mating ttsw vitsaalB A irtat«» ©f "fcliif ©xigaiii«i 
&B eiws^ar®i t e B 1 S « » I irltsaiAm A l « f « l g , nam flwrnm vltm^n 4 
l©f«ls ear* Ise tuflmeise** by l ip^j jrot*! n stat iw ©f tfe# iMlvl<la«3l • 
fls.« i«fitet earn fe® mrr^e-tmi hj pir©viii»g iiitiaBl» A to the aisliwil 
{Hat© ^ l ^ « » IfTSi Slit til t l j | , « , lfT5t B h i l a i and §l©iwir, 
1974J ?#t«rs«^. i S lll»» t974) . ffe© r«l(ta»« ©f IBF tnm Xt-mr t© 
tsleoi etyemis i t is@t 1J1®C%#«I ts:^ ' tim iiiMMt^r® ©f fr©t«l« 
«Rrmtb#i^s iBi ieat lBf t&mt i t eon®© fT^s th© py«f©i»»4 l i v e r 
p©al ©f VM nkttmr thwi ^ ^^ ijiiff mfn%hmmim» Tb^ l»i»ii^»»»t 
©f ItBP ii»eT«ti©f5 a f t« r <«rit«miii 4 d#|sl©tl€«i I s Mffetly 
ii.p®eifi© f©r slP» fItmMt m^lth&r Ti%wii» A i©llct©»©3r »©T 
fltaid.js A repl#tt©iR feas amf #ff©©t <m th# ^ a ® i ^ mmi l l v t r 
o©pc«iitT8t.ti«ie ©f pfii»«l.'NiiBi.» ( f 4 ) . ffc«i»i ftntlBf© ©trtiHSfljp 
BS^»«t t i a t ^M ls#|atj© ii»©r#tt«BR ©f '&W ma FA ar© 
lBi®p«R*s#tttl|' TmgwlAt»4 pT&m§mme ani t l » fi]^-!** e&m^lmx 1« 
fenBtd irj plaej*#. a f t « r t ^ t«^«f«.ii^1«sst ©©erttlc® ©f tl3« tuo 
pr©t«ln«? ff'©« %l^ ttrmr (laia% t j^ § i « , 19TT).- f©t«y«aB ^% f | . 
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Cf f74) siig.it8*e4 tha t «I%h©i^ fe tlwi # f i*e t ©f wwly 
«affli»l»^r«i trttanift 4 im »»«r©tJ,ttB ef PA IJB i « f i c l e a t 
iminftls irase so t ae e t r t t r i i ^ &« f^r RBf f i t i s fiiit« p<»isil>l« 
t M t ^i^i!i.ii3t l@in@l» ©f TltiHRla 4 Art ii»f&iretf .for the 
»©i»al Sitei^tieisi of FA. 
( i t ) ymmit,g1fllllg« ^flekm^ ©f pr©t®ia r»eiat«« i« 
& d®l^#tiOii in. tlie %Mf ani FA ^F«tfe#®i8» 10^ s c»ira®«d 
w^mm&Vitttm ef vitmmin A in tfe« Mirer ^ti3 <l#©i«a8a i » 
pla^wa l # i « l 0 , i ^ a i c k l i ^ the isritai^tt A i e f ie i t i icy i^ !B|it€«Hi 
i n t}s» iBiiaE%l CS3L©wy, 1ft5i F»t«rsi» a i al»« t974! Witlsilal 
ajt«. 01oT«r, 1974). tlii® «®fte«t iia« e©rr®eitofi fe:r i ^e i ln f 
p x ^ « i a ©r <i»@ttatial ay^ dlft© &eii« t© tit© aniisiA. 
t l i i ) ^at&yy ^ n f t li/se a«f i« le8i^ i«'®«at«^ i s l»if»]«« 
XftiPilg ©f pliisKii vitanKlB A a ^ IBFy witi! i®pl@t«d. I«v@l8 
©f MM' i n t l » 3.iv»T* the ^«ci»a«#i f©©4 iBtalr«» whicfe 
ae^8ipa«i®i the isine «!©fiei«i!icf', was r«®f<»®il>l© for tli© 
d « e « i a » a 8s^tls#Bl8 ©f RW 9mB. h»mm tlm limmr plmmm 
vi taa i i i 4 X«rvi©Xe. flm», Ane <i©floi«»<53r p«r e« vsi©. »©% 
r©i^<m8ibl« f©r tfe» l©ir©f«4 pl^sMa irSt&«lii ,4 ( S ^ t l i f | a l » , 
! 9 7 ? | 1 ^ € | C^iwy ftl ft^., 19?6| Aac®, t9T?) . 
<iip) Ot&ftr. f ^ t o y a t l^^a© alioir© fae t©rs , fli3©taatloiis i s 
tfe© p la« ia 3.@IH»1R ©f MM- WBT^ B©tl©©i i n t ^ i ^ i e t i i i e t 
©iti»ati«aiB., iris* Aimraal waA mmm&msil* BK* eo©e©iiti«ti«i» 
«©r® foiaia ^ be bi||te«r fell0«iii« tfee Ught p«rioa 
l a Efll- e<m#«atimti«Ma» wftrt c losely M*lmt®a to .gcuaJml 
i<r¥®l©p»iit* Bariftg growth of g©i»i!e, g@»f«lly a 2*-? f©M 
lufUhsa^ in tfet -plmmM K..i? le-t^tl® #eei»it'i Csi^ ^wn" f l i i »» 
^.b«rty Cr»-le.rsi» g i i i »» 1974), 'In w^sts mslftf ©ral 
01«©», t f?5K «i^»8titift. a ®%«ftiid ®|«eif le ©fftet.. 
mstS m^tmtmM'm^- ©f "^ItaiiiiR A# I t li#lf# t@ si^lti^illi^ the 
iwi'^r-lasoltiMs i ^ t i n o l M»-3L««iile Cto©^,«aii, 1^&)« l©tl»©l 
#»p©eiallf iE Aft SkQU©®*!,® e«^x^isi»ii t , wMl® r#tiii©l 
<stimplmim4 wl^ , ISF im <|«it« 6MM@« I\sttii«»® iaai lietll®T 
U972) hmm ^imm t ba t i«e t^ls©l-lBJF^ i s mfiairai,iatl>l® fcir^  
mm^lmim& with b«rn^© str^ra al¥^»iB ©f 1»«itm-la©t©^l#feitl.lfi 
of itf! s»rfa<» mefAvlty pr'Op&Tty i « al»© ppeif^nt^i h^ BMW 
ill wMch the irttaMn A l©-wl I s micfc ttimt i t l®,g3E© f r t » 
l i i « r to p l a s ^ ani appears a t t.|i« » l l ^isi%ria3«s tm & 
y'l 
Jte«tfeftr li^ftrt^B* f»Beti«ii ©f I IP 1» t o tfe» spael f ie ««l i i»fy 
©f rfttiiiel t«> ttee upgiettte s t t s t » t %?*« SBii€ae« ©f t a rge t 
eelijt* t!h@ ti^or%^<!« of vitgigdla A i s tM.e pv6&^»m i s sltoim 
1^ tilt &niim- •**»* mily T«tjto©l. ©r y« t l »e i c acid pT©iitst 
a« a c«ffi|jl«w wttli EJK* i e talt#t5 mp %3r %!iiisa» iB^ fe€^B© pi#»B»t 
«pitl!«lia2^ e^llt-t isflillt th«y are ^asibi© to accept thea 
I f ptmm^nt frw® ii» tite incttfeatic® »»^ii»® iClmm. aufi B»ll«y# 
tSTT). fliei* iff sis© e"?iiS.i!n^ t© *.©¥ tSsa* PII' «3r«rts e t r i e t 
o«a5tr©J. ©r 3P®giilatie«i ©Y\ tJte mefeilisatlim ©f Tl taMa A fro» 
th» Jive*" ®t©yts, auKl hems© ©f i t© i«li"««iy t© ^? lphe i«! l 
ti8«»#« Ciei<^i»is» f f ^ ) , f!i® iBt#ra©%i0« ©f BBI' with PA 
hmlp in tte# fe rm«r e t a b i l t gatiott ©f tfe« iiitii!©l«liBP 
ec«^l«'3r (B»iN»T«ifi, t97f I 3©©«fMtm aufi l<#®ll#r, t ^ ^ ) audi a l se 
|ii«iwi-i3tp^ tli# -miii^ l&wm ©f tfe» low ai©l#e«lsr ¥©igb% EBf 
«>leaal® Ci%'Nif«-©s, f f 7 1 | t©ter»©ii i i ^ Sa i^ga r i , f97t)« 
C l i a i m l ©fi^wBiai© ©» t ^ #»©et« ©f & rmA^sty ©f 
€ttmm^« OR tli« plasi® I t i r e l s ©f Rll^ asai M i s tmwm^ and 
«xp®rl»eiital aiii4i»l© baif© b®«a r©vl#iw»i ejcteasliw&ly fey 
st-wirai wot%©r« (0 lever , f f73 | S©o !^©aii» 1f7fi| Gmitb a®^ 
§©©€»», 19T§). Ill patl@Bt® •wtth l i v a r diaaaaeft, th®plafl«» 
l«i»l8> of ritmmim. 4 , IBF emA f A haT«^  a l l "feeeR fmami t© 1^ 
©i^falfli^iitly »«:lu©e»d Ci^itfe la^ #©o«f®aB, 197! j i'a&IfMist 
j l i a i . , t f?8)* ?!i« 1®¥ l©imlE ©f RBI' aai I*A feav© fe€#a 
ftttribnted to th» yedaoetl T«it# of syntheeie in ilm9.mi l iT*r . 
I» ^ t l«(&te « l tb chrottlc •ranal d i so rde r s , th© Its'wls of 
irlt^AlB >*. audi EM- i^ re highly •levntted., wfeer»as P* vae 
a o r t a l (*i*d.th and Soo^sau, 1971)* f M e lm« bB«a a t t r i bu ted 
to r©duc€nS cwktabelisK by tbe kiia«3r» SB? i t s e l f i® asiall 
©nowgh to be f l l t#ye^ hj ^© r<»>nal glOBasruli, vbwreae 
pyefilbnri-R .-.in--^  tisc fiSP-PA eoisplear ay^ mot. Sorral ly Tery 
l i t t l e u3P apr^ars In th© tjriRe, as a sa r ly a l l of tb» 
f i l tered ' rOIP l « T«0orb«s<^ an^ d®^ TOt<!##. I>y t)i« resial tti!ml#8« 
In c e o t r a s t , p a t i e a t s with ta lwlar pt«t«iiiitiri« ctmmr RBf 
froa plasaa a t a aoiw.al r a t # , tnit eir«f«t» large smmnte of 
EBP aloni^ with otb«r low noloctilar w«ifkt ^roteiase 1B <arlB« 
(aoodman, 1974, <976). 
Pa t i en t s with prot^if t -ealor ie »ml«t»tiFitiO!i (PCR) IN»]*« 
f ^ad to have <l«<?ftni»#d l«v«»l8 of plaasft RBP, PA and 
Titsaiis k i'^wlth sX A** 1^T5a| 1fe«lEat»«if«iiy £3t J l l . • 19Tf), 
Protein »alB«tT4 tloB ]«@ialt« iu low l«ir«X8 of pla««Mi EBP 
boc^catte of itm fi^ifmeisi^m prod«eti«Hs, IRiie def»et cool*! ^ 
ce r r to t e^ by pro-^^in*: tbe »«l>etj«at«e jRor prot^im agmtheaia 
ttitNJwh t^i^tary ea lo r i c and protoiB, ffcus, i t l a •'¥l««nt 
tfeat f^upply of vitaaiis A almt» i d l l »ot h«lp t o eoii^Mt tfeo 
|jToW«» Of tdtaanifi A <l«fiei»n«7, whieh i » p»»i»»l«iit tn 
aoTaral <leTrelo?diyff: eo^ntr ios t the v&rioa« f&etora tha t 
govoTfj or r^ ru la to the synthesis sRd aeeroticm of FJKP vas t 
a leo b<? taVoB iat© aooount {^^x«elrii8!»ia an* Cana, 1979) • 
o •> 3. 
Baehoir sj^ aiL- Ct973) f l r« t r©p©r^i ^© «iri»t««c« of 
a s p e c i f i c , ^>l«fel« feinting prot#iB f©r r e t l s©! eall«d 
e®ll«l&r-*#ti»^l Mii^4.iif! pr©t«lii (C-41BI-*) In ntt t iseue®. 
Mfjdic:: pj»©t©ln vMfb wa® spuelf lc for retliHslc »€i«i <C-RABP) 
fettt had so a f f l a i t f f©r retifi©! (Ong afs^ Clt.ytll, 1975*^ 
iiince t!h*?r5, th^ pTeserse© of solufeli? p ro t e in s witli Mfiling 
spec i f i c i ty for r^ t lno l «fiRd yet inoie aclcl has bsen 
d»p!'ea}sti«at®d in. a nttufeer of tlmmtem in r a t , IsiiKas, boiriii» 
arso oth©r ef«^ci,©a• fh le wofic ha© bees recently re-^lfrwed 
hf Ojyt l l ana Ong (1979) m4 E©ss ain! a©ciaisa» 09?9)« 
trms r a t l i v ^ r (Oi^ auat? C l i ^ i l , !9119>, j « t t s s t i s (Roa® 
g j a i « t 19TB) f b^vliw itiftiaa. (SjB^rl t | i i « , 1970), ^og 
liw»r (tiQ«i MX §3k** 1981), fc»Mafi Xl'«Nir (F«x and *FohaRij«8e«m, 
19B2j O R - , 19B2), r abMt Ivmg (OnR tm.^ Chyt l l , 197^), ehlelf 
eisbfyo ©attracte C-i-Jani m^i BmmrS®^* t^TS) « t e . lotfc C-i^ BF 
imf} C'-^.AM hanm ii©l©c'^lar wal/^ht clotJ® to t ,^CK)0 <!alt0»e 
and ei,n^?l# MB^.IBI? s i t« for <»« aioleetalar of r«t4»oi<l ItgaiB^,, 
%« iiitipaci#lJular M»<!iii&;^  protein© a t f f # r fr#a f^fjtjis HSJ 
1 B !»«my r®faT<3s, ¥ i » , (1) C-4=M' ai»« G^.ABV hair© o u t l i e r 
KBP floer, ne t i n t e rac t vltfe O-HBF {Bas)ior ana Cliyttl , t975) . 
(3) C-*-BP willlr# ®»yt«-ilP i ses se t foim a e«s«pl«t3t with 
Studies mi ^ymi^»l i>r«^rtl®@» mte^ as l!lfi&f««fH»ii©e 
aff ini ty hair^ cl^arii ' 8ft>©irm t l» «d»dl.wrl^ IMI-IIWUMS e«-ElF 
fi^s cliff#rt»t tle««*® (Qrtg «rKl Cfeytll, I9^«tfe)» ^ ^ a»^ 
Cliytii (1979) «S«irel<^«a a ji««li©»i*iMRO*i^ »y f^ &r C^IP froa 
i« t liir#r »)i. ^«>iKmst7at«d t ^ t €*a4if i s iHwoni^egieally 
dt«ti»©t frmt C'^Wm Wmimw9T, C-«B"F fr©« liymT a»i 1»«ti« 
i«if« f©«ai to h^ ii«Rti«5«l agaiii anfforliiig t l« fact tfeat tl» 
0ig®s 0>-K®? ^©Xeeylt i s fmsei in <!iff#r®at tisi^wes, Q»g se l^ 
hi® ^ollem^ms C 191^ 6) al®o ©feasrvt^ t*»t vitaalit A i#ficl«ii<gr 
ill mtii i.td net efeaa^ tfe® leirelg of ©-SIP iji. l i 'wr ai*! ii© 
iafommtioii i s avail.sfel* ®f '&m mtfmet ©f lanttltiiaifiil stata© 
em tfe« l»v©le ©f C—Rif. 
^ ^ s i a^* Ctf75) ^©iMfieltmt©^ tli«- pT^mmm ©f &4i*JIF 
ia Immm, Ivmt a»El br«a©t ©ai^nfflna %«% m©% in ttae ai ja©«mt 
ii«OTiial ttsmmtB* JPr©f«rtl©e « « ^ ae «©l»©alar wsiffet ms^ 
M»3i»g 3p«ci.ficsl-ty ©f tfee pr©t©lii fr^ wi tm«©roe» ti,a©i3©» 
uwjre t imilar to tM pTOtein ©ecsariiig i a aomaA li»Mm utafo© 
^ l ^ U l ^ i;^,, t f75) . A t#Iatii»i^ii|» %©tiie«i %h» MnHiiig 
I t te® fe##B fm*««! thmt cKiiy th« tmrnwrnt iB wliiefe «fe# 
©»ll«Iar %ln#£isif proteliiir imim i&tm®^^ mm^m iMftm^mmi ^jr 
p o ^ l ? ! ^ in,T©lif»iB«iit of t be s t two f r e t a i n s l a » ^ » i»iiB®r 
I t bai? a l so bi»«ii iis«fieat#i t!mt C-4iap wky It© lww€l.wmii tn 
f ae l l l t a t i a , " thft s ^ e l f i e lii"t«Taetlas &t r#tl.ii©l with I t s 
MMtm m%tm& i s ^ « lit3.1 freiel.#«« (C^ft l l smd Om^f 19791 
i n t r a ^ l l w l a r tra.B»l©€i^tl&B ©f r«ftiiiel trmi tm^^ l©««e to 
miiotl»r wltMii tte« a»l l» thm mm&lmmT MMiug « l t#e for 
•vitaMtii h iimtim^l) i^fftajpti %•€> l»« l©©«t«S o» tlie elir«»iitl« 
and I t « i^ M m»mtwt@. fls&t tli® c^llM3ji,r-i^tiii@l MiE^iac 
^!r®t«ifi iCMiSP) t#MiP«f« i«tl*i©l e|>«clfl©il^ t o t ^ 
tnt«fl©r of tM mi«l»iis -i^m-Tmm C-^j^ i t » l f a©«s Hat felii* 
te* t!"i<§ ii«e1.®«s or eferosatla, (Cli^til §^^** f f82 | V«l5«r, 19^3? 
B»iT.!ari f^ il,»» 1^5) • I« a ©l id lar w^s»«r to st#r©li 
!io-iia«»*«Sf t l ^ i a t# i^e t l0« ©f T®t.tii©l wit to tli€ speelf te 
nvm.l»MT Mmtiim (At^m CG«tgiily t ; | ^ • f f f l ^ ) , probsfely 
©f lAai-fteterietic iiff@r®iic«e l®tiii««is fCilf-aaea©iA»e SI4 
anl i iala {lf®l?»T, 1^5)« 
if) ^^§Mi.M.,M$^^..AJrm M^^^.M Mil 
^•Itasitt A« f^ #lii®f s©»r0# of nillc irit«Rl.a 4 i s bl#a<i. 
ifee «y|©r portt<m @f ^taml-ji A iti the bl^o^ e©ii®lst® of 
r®tiBel# th0tigli tli® «@teT form inci?«M{#si rmpiil:^ i» ^-^ 
poata.l>sorf'ti'¥€ stmt® a f t e r ' r i taa ia A or earoteaoidis iBta1r«. 
l$f«'.l of vltsiilii A i a iiiUr i n ^^ri 'wd tlaro^gli t&s g l a^ t t l ay 
uptak* fef the wmm&ATj tisai»@ ©f '§tl:taiila 4 e a t e r of 
i®5«<!lat.« d'istary oi'lgia* f b « » I s a ls« ®Tldi«nc» of uptak© 
fr0i8 feloofi ©f f l t^Blo A al©ofe<»l, i^ t l i^s l , assaelatsd irith 
plasisa prot**.l» (Hartpivi. ard i:^fy!«ii, tf74s 0@fcr«-S®i!MB 
gJ l^^ . s 1976). I t hsa 1>©*Jti itagftiftaS, !io«eir®yt t b s t in 
mtl^, a i ^ i l l p-rtj'|«3ir-tio» of rf-^tlnol i^watBS a&8©elat©d iritis 
milk servas r# t i»©l-ear r iey prateiw (FM^'), l ^ o r aarsal 
pbyslol osi c-al csf5:Clitl€si0, RBP i rHl iteco»»t for afeouf 
^ t# 91 r#r e#»t ©f v i t a^ iu A sppft^ g i^mg im milk , tbe 
ir«mat«i.1i:r:: to to 2C! yier cseat ^ l n . e tr9a9j®rt#d fey taottoer 
timRepm-t :*jst«K i . e , lipQpr0teiii-«*<llit.t#i tratifsfort. 
Sron0tett®r t:^ a l« Ctf7?) aai ^osllRgoB s: | ^ . (1974) feaw 
showts tha t r e t i u o l i s traissftfT^-3 frcra telood to nil^ lu. 
pr©fer®Ree tc retini-l ®8t®i«» 
0 :. 
90 fftr ©eat of tb« Titumla 4 »©ir«tioa eeeB.r® in tb« fofw 
©f re t iayl «eter® Irrmep^ettv^ ©f %iteBtli»y tfc« irltaBAa i« 
0appli«4 fr&a tl»i- felo©«l. a© r©ti»«l or re t inyl ©«t«r«(« 
Ttmf ®^ge®tM tli» «aei»t«it©e of two t ^ ^ a of tyaiisport 
.^ irt«®fif for vitafdn A i» lEdlXk, ilBf in jslaaia i s t l» 
pr#a©^»aiit wmkTtm ©f adllle idtariiR 4 ippBtlJii^ a ciMigtaat 
iB»pl»I^  of t ^ 'Tltaaiiia-. J^laaoa lij^c^TOtoLsfi fi©«iat« 
CSo'b®! £1, ail*, t9*52t M.«^ §X iJl»» t ^ O . *!^ « liB^rtaaoo 
of 14|>op»*ot©iB awKdlatoi idLtiaBla k ti"miii?f®rt iacfoaoi^ 
imrliif a higli in talc© ©f vitis^ii 4« Bmliig laotfttion period, 
t l * tumoiwr of llP-f«MM^ wm tmmS: t o %© fa»t«r tk«B 
tfeat of lii^prot^tiii - »i,t««ia 4 ( f t^ tp i io t a«ii. iiloteqa, !f79). 
flit fflec^maf^i of vitaaiii 4 twiBft-jPtr fro® l»leo€ to ffllllr 
I® not «3l®ar« I t ie not clearly teowB i^«tfc©r «©t«rlfic%tio» 
©f f«ti»ol ocmire jprtor to or af t»r i t s fi«eip«tle» from tii© 
«ffl»ai^ gland to n i lk . io«s (f9Si) *«r*<m8trat#li tli© 
#8t©rifl.i!sti<Mi of retliiol ^ i s o l a t e imamarf glstwSi 
mtGTQBomiB fT<Bm l ao t a t i i ^ x^ts m^ pro^iAoi ae «irl4«iio© 
that thm Tetit^l oater« in idLllr ar« ^ariwai ft^ om uatstarifled 
iwtiool i« ttee lilood. Msmm Cfl^^) i*®p©rte# tlwi preooaea of 
®»i^l»ati€ act tvi ty in wa^ai^ glaasi wtiii^ s:, ocmI« eatarify 
tlia r e t i i ^ l 4a JdLl£&* fiatiiiol for tfels raaotioo OOKH I » 
ofetaload b^ - tha saanary flaM a i t fear "bi- tl»a «ftaka of 
1979)» or fef i2;ptak« s»Bd. tefdroly®!.® ©f f«tittyl mm^r® 
e0iitalii#a in l l ^ f - r o t e l n ^©'teit ^ l i ^ i s ge»iwit«d a t tim 
mmm&j glamd #»detfe©lial @wrfa«» inrlmw, %!» l a e t a t t ^ n 
ata«® (feiow t i .i3^., t f T i ) . * i t aee©i^.li« t« «©»© Cf^?a)» 
f'et.iayl « s t« r s a r t iii««f^0rat#i I n to Kllir i^at dr©pl©t 
ai r e c t i J !*«• iritlj0iit hfiiNJlFSiit mm& r@"-®8fe8r4flcistimi 
in tiiff l a e t a t l i ^ mil* Imp^rtmat qnmmtimiM wi l l r©ffialB 
eonesmlRi? thm p h y « l o l c ^ l « l 4@liir#ry ©f iritaKin 4 to i t « 
ta.i^®t oj^aRs la«linaii5g tilt laa-tatlB^ Mw»ar:y g l a a i , ^ai 
t>i« rateli.i®ii»« of l t « tf«i»f®rt aen»s® th# «^ifflaf^ g la i^ 
tieipi© a»^ a l a s tli© @©«.r©t &f nwrum MMf in mil t wl»«tfc©r 
BJ.iMa..A.a»isl,l,lM,....iig..,l„lP;jiI^iili 
'"«ef!lt« T««,soaa%iy li3t®meiir« i»i9«sti.gati*WQ ©f 
ir l tasin A for ©¥®r half a c«Rtttr^, the pf«eiws bl©clhe!s^iml 
m©^es of action aaci th© 'W^rf baslf? of #®»sfitiality rerasdti 
r e l a t i v e l y oRSlsar (Ssach and IC#r.Bey, 19^3)» As a r t w l t 
©f w©!* ©arii.^'i mat In ilfJ%r#«t lafe©rat€Jii«»Sj new tbre® 
s ^ f t l s fe»^^ fe©«ii prop<omm€ m^mimii tfe« w>ft« ©f aetlGTs of 
"rl.tswBiis -a ifi e« l lwlar i » t i i b®l i^ i 
M€«l»l f J I t iefl le»t#s tfe» iiKll#p«ijsability ©f "^Itasla A 
In Ttet#ft, vMch i»ohaai®tlct , l ly i® ^oit© c lear 
#3f^pt th« ^^^mBtimm &t gmtmrmM-im of fwtrfe 
0 
glyasjplutein ani i|ycopQlie«e«ihar4*S© Mesyittl tasit 
itmham., iWTBi W®lf, 19fl0)« 
(ii©t s t i lc t l jF) ia« t© i t a atta©lii»Bt with m 
e^mrter ^r©t«l» l a tfe« cmtX mx0 ae t io» OB isra,cl«tt8 
two a-s^tfl®* f te iaportasne ©f Krits»i» A in anJ.sal is«tTitl i» 
C^ > Il.lwlii.,.fi,.t.,€raEg^.,ll„ffi»iiMill,ffl 
I t i s well decwiMTittfl tl»at vl.ta»lii A i0 f^^nlr^H for 
Tlt^RlR /^  d@ficl«ae|' • l o s s of a.pp#tit!t, fieci^ag® of 
iiffer«astiati©ii C«lelr« awS Siitc^t ff6©| 111® mm^. •^11«®, 
tl»-g»ee hati.Bg Siff®r#iiti«tiiig c e l l s a«€ rms^M twi^ovsr 
it»g# 0rml emM^ »p l t l io l i a , #pi t l i« l ia of rsaplrstt©?!" ti*aet, 
s^ieretdry slm^m {M&»T@, tWff Bar i^ l l ».r^ Wmmwrnm, 1962? 
Wolf, 19801 l^elis asid '5f««Et l 9S f ) . t l t l l cultijr® ettiai«® 
3 
r«iu©ticm i s eoliag«a pyodneti^mtwls^a tli# iscaal^cl eer»»al 
I8* t»«tl«sic a«^i) sigBiflGaBtlj luci^ mefsdi lli« eell«g«a 
|i)po«<sctic9i« VitaBi© A 5#fleitmcj h&m mlm& hsen rnhmm to 
1*9?9| ^'olf, 1980), »»JU Moefen-SRiaal 8 t ^ i « a »us^#«t tfeat 
Tg4t8«iim -4 aff«et® iaael«ar #v«»ts hnt %b» «jpiet -is©l«a*ilar 
sdta ef i t s awstloa has net l»»ii l i «a t l f i « i C^&el^ aaa, 1^7 | 
Molf, t*^>t CiiBori ana Oltytil, 1^82)* ffela obatrvatieii 
baa toe®B fi«g»-|»OTt«4 %^ tfei? p3?««ni-e« ©f ^'t©si>14c smS nuetXaar 
Mailisi; fr©t^im8 f©r Tiia:! .^® A eosi|»@iiiiA« lis jwyay tieswtea 
and tJ*ilr r®.f»ilatioia fey vtt«idl.a 4 8ta%«® of tli« an i i^ l 
(0hytl3. m^ Gag* t^ tS , !979f ChytU M al*t t ^ 2 ) . 
rapidly |>roltf®j^.ti«t tiew-maa mm 'mtj mmwitiym to 
su^optiml " ^ t s ^ a &. imtrttimim MA eyath^fila in tho 
ffis^yil l a ta t t l i i a l crypt e®lla i s pr©lfaiN8«* (Sll« ®t a!^ *.. 
tfT?)t artlitioa ©f new c#Xl8 to grmming or^wm i a ^%cTmuf»& 
ifS.lm sX i l - t tf?9) anS MA Idballiag liiaair (til® t | , § i . , 
1^1)» ©ell iBi%eei« m^. BSA i^ t toes is CfiA»tM^i J l f_^«. 
19T5I 4apiii«!. t i a i * , tf75) ar« 5«ei«ae#a ia eaimral ti»8a«» 
of atdnala pi lor to ai^iifaataMoa of mmtmmml a»riei«iiey 
mfrntrnmu* IM«r snlN^tlnfil »iit3ritii»iml. <^e^iti«Mt» (^He 
fttajidK A 1« i!«aits^«itsi.)il« for iseam a^l fUtaJ, ft^irtfe 
ijRwi da-veldpBWit i s mmf mpset^m of aiila.il« Ciai%* 195S? 
t975t 19T?)» lliit^rissl iriLtaslii A 5»tlel#»«gf gives riiMi to 
«^fdz«iN( fiBtiyif itfeieh lis* ^mn mim^®'^^ tut h^ ^^e to 
v%^mw» t948| Wilaim t l M * * ff53)» I B iMOfgiiMiily 
iri-feaHBim A. a^fteieat r a t s ! •#• at tli«ir i r « l ^ t platesm 
«t«g« tfe.« to ta l mtal^r ©f ««11» (MA) ha* IMMWI r®port«NI 
to h9 ^tammm^ in aiiirt me^smm 9»g» tl!^ r»QUi» iiftle«n asd tlie 
s»lili»^ttaX if Ian* B (211« gji J^«* 19T9)« K^fe«8 ^ i ^ p c 
•ttigadn A ptiwilataa grmrth fey a di i«et r©l« l a e t l l 
faftHeatien in fti41tl0i} %e or la0t«ad ef ®tii!ii3.atii^ 
^ « ilff«r®T3tlatl.oii of « | » l t ^ l l a l asi. !»€«» esXla 
(C«e!5T0ft, t ^ 9 ) * Tltiti^n A aaHeleney t®»]p©rarily 
i«tt#rf*y®« idth »«mr<^«a»©l«« Ho»eiP»r, tli« «a r l j dmm^ 
r%m^tB l a p®r»aja«Bt Iwsliartlosral dl^fidlt® lis a#»lt1bood 
#aeplt© appai^tit eyteei»T^€^ r^-pmST {htm&m smS HtittsfeiiE^®, 
1977). 
0 '^' 
^"toFMd fejTMirtitaatiio^ii A imm a l so fe»«» f^porlsiw! t o 
ana CJaetos, 1974? ferliees ®t s a . , tfT?j B®Sl®r, !9T7j 
krmmtX arsi J&}iseo»« If79)« fltaaEta 4 »amlBi»ti?attcm to 
^elcl i i ig f a t s hmm mXm hmmn fo»»«! t o a f f t c t thm ^rmrth of 
«?«aa« CHliiim &e^ Briim»^&<mt t974, I f76 ) . WtmsAn 4 a lso 
• f f tc ts i teio€tj«ml.cal ^ovsl^p^mt of Ivmg;, H'VBT &WA !i«art 
(amlrlm e t ad*, t985l i^M t l . l l ^« t ^ ^ 2 , 1^3-)« 
8«IP»ti'«« n i t r o n s %i«i«B»eKi imw ^men r^i^pmr^^ i « %oth 
ftiia i n feyp#f^tiailRO«i» Cloateal, f f50 | Sorajrtrar aa6 
SitiNi«ml«*SlM&, I956)« Bier* wms #@ci»*®t€ ]^ r©t«iS.ii ®yBtib&<iA« 
I s ultaiBia A ^«fiei«iit ^mt® (I^Mtbeilro, I960) tmi tMmkn 
(l*Bt#®lraya# 1957) • Sol^iea f t f |> (1968, f%9) ofe»«rw« 
««cf»«a« in t h t iiai^i«r of f,ofelet e e l l s l a ^ « jsimll 
iii.t«iitii%t Mithoat any m o i ^ o l ^ i e a l cl»wc«« lu T i t a n s k 
d«fiei.#»(!y* I t tia» b««ii jpjgpist©^ -^at^ protnin syntlaisie 
by %€roor! polysoafro feut not Isf f r t« poljrrtfeesesiea of 
iato^tiiiatl aocoea i e d©p®i!d«nt «m v i t a « t a A, fls«-refor«t 
iritsnatlii A appears to be iwmX'm^ 41metlj m i»4lr»et3.y 
ill f rot«iB e^nitfaesia a t tlm t r a s g l a t i o a a l l«"f»l. 1 ^ aeino 
mc%6m ^mmim a e t i T l t j «mly of l@iiM.8e, tfmlm, pls#ityl» 
alaolit® sBii .glut^odo a d a l « afeowt 3^)-40 per e«itt looa l a 
vltaisin 4 «efi<^#nt »»la»l« aa co^sired with t l » ©oatrol. 
4 " 
Ti.tiMiia -A «ith«T &m tfe« ^^t!»isl® #f .a«lit© ae i i iwitlvatlfif 
w#lf aji^ I*4«ai (1970) i«f©rtiii tteat ^ t a i ^ n A isfi©i(i»ej 
• J 
l»paif«^ tilt ®^-th««i» ©f ,g3.;fe'©pr€it®i» fr^m C-p;lM«9e«slii« 
ill isf^e^aiil pf«parati«R. 
Ahttja and Histm Cf9T5') lmi» »ot ©Iwieinpti aig^ 
in r a t e f®S '53 mg ef r t t i i o l fdr tw© i«y®» Mawinnirt 
they 0%!»r%^. an iaeiNsaisti l i«©rf#ra t lea ©f 'C-Xmiclut 
in l i ? » r ppot#irta aa i 5««i«ra«f€ t»,i5©rp#i^tl» in to m&meXe 
protein.®* fim^®eto m^ Oh iff€9) hm» U ^ ^ F ^ H S a i»cy©as» 
wMcte waa *c««siijp®iii®^ toy a i8#e?fiaii® I s rihGem»m aitfl 
I»tiet3li»« wfelcfe c«rr i#0 tfae dxiiawiE- aan^  t imt tla© « i t« ©f 
i t s aetiof!, t® St ^ t mtmg^ ®f tr^aaiferif-tlaR. 
le"f«lg 0f SUA «»# JilA if? g^iitml tt«8m«ffl., ' ^ ? i , , »fcln, 
t®et«s?s, iffit^ j icidit#fs, »ir©iialg, £^iapfeTi^«# Ji«art, braiji 
ms0 thf-^mifl In nm ^ttmim k'Amfiel^nt rat©. I t has b##ii 
»ho«i t t e t ffitiiiel aimiBl s t r a t i as i n ii^.taME A i # f t e i # » t 
i 
l » t « t o t a l i i i t »« t i t iA l B m , %at has m« • f f « e t o@. l i " *» r ^ ^ 
ei'&im tfeat sflslniiftratiOiR ©f v i t f i s l i i 4 to irlt iadla A-
€®flel«ist yate lBey®aMgN*?l t l ^ ra t« ©f l,ii«f®rp«rttioii o f 
lafe«li«<S t i r l ^ i i ^ i n t o i »1»© t i a i l RiA wiM iswel#iix» i l A 
i i i j « « t i « i i ©f 'vl' iMdtt 4 tot© i r i taa iB i i ^ « f l « i # f i t etr i id fsal 
imt« etisHiXate^ fMk 0f»t))#«&e in. ' i ^ i ^ t i e ^ i ^ ia t t t^ t laaX 
8weo«ii f a r i l es la r l y tn smcl^ i C^^me^i £^ i i * t 1^69) 
iRi^^eitift® a p€»stsibl« r o l « o f y/X^mAm. k on i^» 
t i i«»eript i<Ms o f e l i r ^ i a t i a . Be^mea and Wolf ( t 9 S f ) , 
Itowo^fort r®p©rt«*i a aeorome© I n © i r t a l u laeilmo i^syl t -H. I i 
@yatii»ta««ts o f i« i to«t iBal mtooom i n v i t a a i B 4 d«fl©ie©t 
Tilts ainS %]mmt i t umA @«g^«t<^ Himt ttsyaolftt i im proeooeoo 
aj« A^eelwd 1 ^ tfeo " r l ta« la ^ otatas (a»lAiea $X i«L»» 1 ^ 9 ) . 
fSllo a»S Mlmmi Cl970) ©fe-^iiiNii 1»5 t o Jm^ f o l i o i i i o i«a» i 
IR iaoorpOf«tloa o f o r o t i o ««i*«#»% ia t© Mk o f ©01 on aai 
MH^Il l a t o e t l n a l na^osa »pi i<^«l l f 1» a«el«air -PJi4 o f t o r 
ai.«iol6tratl<as of arotinol to i r l t M i i i ^-<Ief ie l#«t r o t o . 
I t feifi te«#is ©lioiio tlistt th» i i f f o fonooo i n lEI . 8yiit.!»8i« 
l^t i i««i i oofmal o»^' v i tnn i t t A <lof iei«i i t «grii^l«» i n t o o t i i H i l 
sooooa r®|n««^iiti i tb» t r«o i l f i ^ r e i i e o im tfe« inowrfMa-fmtton 
o f the lal»#l i a t o SMA aii^ i® sot a laeirt d iX^t io i i o f f o c t 
fas t l i« lal j®! i a tfe# i « f i e i e i i t aislMtl« C DoI»ii,im f | , j ^ , , 1971). 
,-1 ' ^ 
/ ' I •' 
,i» «i0®«s ©ell, i . t f fe i r« i i t ia t l©a i® a t th® le'ml &f 
C@) yi,li^.ii,,.,^K„^.....^ii:f%eltei 
imAmtaMM mi i i # t .s Imt f a v l t a ^ a A had p ro l«a f» i # s t f « 8 , 
tfee pres»»c© ©f ©©fiBAfl«i o#l la» f l »®t a j i lna ls als© f a i l e d 
•ftmetl^aa© tm smtmAw f«»trle"feBHi t o irltftwl® A fr®® d i e t s , 
( l , e« r t f t l a e l , r©t i©* l» •retia®i© a©i i5* f ^ f ofewirf^i 
that r®t l»©l 0 r w t l a a l ««re tmmimmrf f e r tfe® !^ttat#saiie« 
@f testtoilar «@i^r ia l ©p i t l i e l i t i s , tfe^ugli f«®tlii«ic a©l^ 
IJB fftiaale ra te l f e r t l l i « a t l i » i aui l^ l iBEi tat lS i i e-tmM 1m 
m^V^Ttm*! by f«t-ifiol.c acJ i * iRit rmtlB®! was f i»^e«t.ry 
f o r p lae^n ts l anS f«ta3. d«iF«l0|iijept, C-mmrA g;| | ^ » (1969) 
f«p©r1^d that 5 tt|r r ^ t i i sy l a«@tiit« p^r ^«y WSLB efffeetiir® 
i n ^ luta i i i l f i j^s tlw ep«ir»mt%«B#iEle I n «ia® rats-, 6®fiel«Bt 
ii5 i r i t aM i i .4 aa*a. f«^ jpetlticAc a«l«.» Hasf^ awi l a r ^ j a l l 
11-9^5) also f#porteil a «#l«y 1» r«tar€at l«B ©f la^yisato-
ir 
i f ) X 
stidfellity ®f c^l l im^rmmm iwrt »©:^rKB«e- <if setoselliil.w 
Qn^mmXl&B Cl«cy, f ^ f l a©#l.e ..fi A»* t ^ ^ ) » fitaiBil* A. 
f«?g«lt-iRs ^^ ^^ T®lm%m of lj««ecwa3. «iii|iP&® CF«11 ijirf, 
ipri.mB.Ty lysoisOitt) with plaiwEi »»islsr«B® ef o t l l e CHeirag 
t i a^*» ^9B4t ii©®ls ^ ^ . , 19651 l'©i^i»l t l ^ . » f^*S). 
f l» »®.iiteraM0lft-le ®ff#«ft 0f vltsi^-fi i. tea.® immm wmm^^^®^ 
t© ^- <?i» t0 it© i»t®.i^«s* l i t® property C'Dlafl* £j^ El*.** 
H ^ ) - InwQlvmmBnt of witm^a A tm tM ^Imetvmi triai«f«r 
ehaiis of tlie wwbraij® li^ta^S mmi^m^a C«»f • cyt0cisn»@ 
etTOcttirea f©r sit® 0f actl©» «f ^ taaUB 1 Ciosl© t i l i » » 
I l t ^ M n . A, ,d.®a„M«^€¥. ..mi i.t,.s :WT.mhvlw4.& 
d: 
p&or cMMft« i « tli« #0rfLi. iipeyy f®sr ateowt '5O,0f»C} t o 
#eci»r iri the- Maeosa of tfc@ w i ^ I r a t ^ i ^ t i^#t«. , salivmi^ 
'emiflma. Ae? f*. f« iml t , pmt«»©nlat JEtr©»i«, terati»alac;ia, 
i«ftcdeBef of Tltfj^Ln A r ® ^ l t g in-, fei»ratl-nt«a,ti«n of tb© 
ia t ee th #«.f^<stB CHflirfcsa» autS f'fy^wi, f f T l ) , I t I sps lwi 
the eiiledtiis siofeillisttQtt frois M P © mk^ tmrnlrm t b t ©otitrol 
of ^^il^ticn pjt-t'few-ays os tt«^ ©#11 miwfm^m «»! wttMe tJ»« 
^aiittuTiM, 19821 h'yl.mmm §1 i l * , t98«) . W t « i a 4 
i 
1% a l so l.®s»lg %© t l» fle^iRiloislieiit of epcmtantiRa-®, 
eatrci.ti€iF?«in ®r vly«^iHtiii«e®i e»itii#lla2. setwlasia.® 
t m * » ^9«2| i l e k # , t 983 ) , f l € l i is"?#rHi;ati««3g in 
lod la few« #!«*•« tfeat fll«eiiii. A ^a f l e i e se f i® mtM of t>>® 
« t Jo r faetorg r#gp<»«lbl# f®r a large iitJ6S!l>i»r of 
i i« t r l t io t ia i ^©ficlefscf «!lima»s» Oae of tfee lm|sort.a»t 
©«!«## l e fkm efenmle sticrte^t c*f vi tasi is A or prowl taa la A 
car©ten®iis isi th© t l ie i # ^ « c i a l l y of growing cMl«f.r®» 
( a o p a l « i l i l . « 1 f ^ l IYAOJ B#|^©Tt, ! W 9 ) . A»aai? 
i^t l i t iamal ccsatribatOfy faetews ar# the p0©r li«patic 
r©®tr¥S'& s.fltfe #iielt in faa t i s bcim coueequent to th© 
low l u t a t e s 0f ¥itii8ftla A ida t^reast Mllr SBS? f^^'«,eiit 
epiaoit© of i n fec t io s to whl^ cL ffee cfell*!r«»tt ©f the poor 
f® &&^-&% the il#flei^ie-f 0f ifltaiBlB A, mtir^wil 
WQwt Ti^ttmfMt apprsacb. wwilcl t» t© ippro^w the d i n t s »o 
ag to #riisii.r« i*d»i|piat# Ifitale© @f the "rttaMn 4 . SnaMr of 
<itos»rfatl««e OR «Ep«Brl®®-8t«3. aoliMils a»d sen &%¥© 
re¥®al«rt a el©©t iat#r3rel.aM®BsMf fe®ti»«trt ¥i^ysla 4 
4 ' 
with irita»lft A. % "lliiB s»tfe®i» irfMti«m«l iBPPiiite o^ f 
m^ar »m.s ee.l#et®i! ae a ¥#Mele t© ear t^ vf t«pt» •!• ®itg 
ai^rfmcli was :fiot «3e^figfttl In o t t e r eitMmtl<ms t« |» t r i i l ^ 
upcr« tl«? vjiFietlae of fo©is wM#i m,fi M fm-tifl^m Im 
lisflo.«i#8i?i tiK' t M l l i p i i r o e , M»!t©.^iii»-gl«tasii"fe ^^is uts«d a® 
a ir»hlel#. fi« otber f«J© e^ %iiiofe lias T^#fi f©rt.lfi«i at® 
fatft, o l l s t atl*"» iA@at f l o u r , i i y »fei© ©%©• In I i ^ i a* 
gRiltaM® ^«!|ilel# I s m eomm&m «al t aij,i fttt«-^t:t to fo r t i fy 
i t ^itl i ^ i t a s l n A hmr® sot %•©#« ®a<Joe»ofttl %#oa«» of iPApii 
ra te a t ¥hlefe *i io^ vitamin A nmt !«»%• 
ttt|®etioBe of "^ gOQO 1^ 1 O'f irtl,tii»ifi. A for f t o 5 i-«^«. ^ i ® 
l e follow&d I j 0f^l 6o««a f^r tmv 3M»i« 5«ys t i l l isoiisal boiy 
r«s».nf^s af»'' roa.^»4« 4s a ©lioft t# j« »tai i«re , l«floi i<ml 
©ml wf-Mnigt i^t i^ . of I'itaffliii A liat fe#©i% si^g«»ihid for tfe« 
ffii'f^is.tiffie of ¥t%s^« Jt AmfiM^m^ im o M l i f ^ s . l »» t i om tha 
i#©©ie:e88«ati<»:® of i a t l o w i l Im^ltmt« of itttsifclsii {ffTt}, 
proci^ jfflw* a ^ a i s r t vitmAm k 5®tldloiioy# In tM« pr^rmme 
eMM.rm.n hmfMmmm I to 5 y«are oM » » fc«imf gitwu. « i erml 
wtoulve 5f0a« of a5D##CiO l,!l.« ©f ^ t ^ t t m 4 m^m l a stir i^»tfes. 
tl*e« -Urn incM^nm of ocmlar slgas ®f t l t^ t l i s A ^*iflei.ts^ 
t ^ tmp^rtimm ©f t t e <li#tary fr#t#lii mii fa t bas aot lf#®a, 
iya®(|ttat«3Lf ©npfei-slr^d msM .fe^ t fesis tins t s i l e i l ^ "bt^s 
ttm isttimr Aw^lm profttfla,xt,«r i s t l» 5i»tai^ iatala of 
p.rmfit=a»siii .4 plant «tt©rtal@ tlltM tmmttmmw owmi^Bi sanf©®®,. 
l%5l Pf^'^diaafii-m s^ 1^ 1^ *, I f t 8 ) , Tl» #ipiiatl« teas fe»®fi glnm 
aR^ pa l s tab i l i ty of the fo©i 8tttff« »lil€fc i® ®Brl#i«i in 
^m m' ^mw^m§ Q^  I ^ nwmt mwmmmm 
49 
Frots the foregetRg r»vi«v of l i t e r a t u r e , i t #i»tr??:ee 
tha t sJeficiency of •©!« pi««foiiB8kl, x«tia©l {'vitmsdit A) inr 
proidtstala A carotimoi^e In t*i« (!i©t i « <ai« of t l » B^Jer 
factors me^ocsifele for fsirlOKS atitirtt l taial ta«'flel«mcy 
dii8@ae«8. Ifitattlii 4 d«fl<idl@]icif tMs» i s a flMrieiis pnbl ie 
iMialth |frolfel«m in tlm vo r ld . ftw xa^mitet&i^tm of the 
fmictione ©f vitMsla A or carotenolS® s»a tlMsir trsuspor ' t 
l^ottire i s ;yet to b® ©ImciSato^ \}»«Quiiro€!all7« SC»MI of tbe 
uKcortalBtles ar« <?«© to the approacfeas iwsid[« to imdorstand 
1 ^ ftinctioRe of vitantifi 4 In mllolttT vmimb^lmii. I t i s BOV 
aa^ljr ^^monatrataS tha t m^eral M9dh«iioa3.» ptijaiologiGftl, 
p3aa;Bi9tcolo«;ieal aji^ 5&atholei!:ieal lo«io»8 indnood by v l t a i d s A 
*Seliol<»iioy are reatorodi hj t l tamin A fitippIo«iontsiti«ai* 
fMa B'j®g€i5te tfeat ^ « i « preeosi^s »r« ial^uoiiiai^ by 
vitaedii A. Howeiwr, i t i s so t d e a r irl^tlwr • i ' ^n iB A i s 
ImirolvB-d it ip«etly or inf l i root lf in W»mt proo©w»s» 
89ir«ral ^prophylaxis pro^ranBOo h&v» boon taKS«rta.t:«»* 
fimm iEcl«4e tb« ffln;lficati<m of fooi ott iffs vi^ proforwrti 
vit&sic A or Stftfwlisistratiofi of tBa80lT« 5OIMI of r i t a i^ i i A, 
In these prophylact ic wsmmtt^B Svm a t t en t i on hao not boon 
paid to the le^ort^Boe of otfeer m i t f l t l o n a l fae tors 
respoasibl® for th« sax ioa l i^aorpti«B &RH Qtil ie&tion of 
fltaisda « . I 'ur thsr t ropor to i ^ s t l c i t y of oxt»fl» vi tasda A 
intalr© hae to 1^ l!«pt Ifi ntinS. Tbo eoemoi^o as j^ot^ of 
vitm^Ui A lilts $3um t o lii «a@i^d«s«i f&rtiei&arly 
^M.m t^m pelii^'ls t u t s ««^dS#:i«ii@B« i» tii* pp«8«at stuiy 
l*i^^i» mA it) emrt^ tim XwmXm df iSt i s i^ lk vM«te 1« 
A g«H&d #i«il« foeNI* flie tuyeu^^ort ef idttatfi 4 trmk %19&A 
IB elM8.ipt»y 1 iitMies ii»i^ ««i!i mt the «ff«©t ©f 
fitsMiJi A &T pTm^tamd.m A &Kt&tmm&M& i.v^lm'imA trim gi««ct 
pwistiitei. ^»r %}m i«©lJi-^eB «f i»i%« t^ti imt Madli^ fre-ltiii 
iaw) from .gomt i^ioI» hl&&$ a^ ^m mtm^ts mf pr&vX^m^M A 
i s dteft»r I I I i^ @ f«ii©l.t® elftaiis*^ im the r®l« &t 
etilmX^r i«tiii©l MaftiJa^ fr0t#lii (C-RBf) la «^|sii» ©f f«ti»el 

»Gid®ls i» sMJ-vei^ Ll ^creles of atiimitXe (Rsore, 1957). In 
rimi 0f th© ob®#rfmtie®i5 tfeat jwti»ml #ff*iet» of rl tgrais A 
d#f3.ei«s«a? are e l » i l a r t o tfeoe® of tif|j«rfiti»iRO®i0 A, 
no t i c A teod^Is ale© t© tas^fn-stand "Sit ro le of vitassln A In 
c«llu1.f!^' mmtaholl^* fhoi^h, frois ttofi» stuiliffs one h^MS not 
fe«#a able to eoiicliB!«iv)tl5' <?o«oii«trat# the role of Titai^u A. 
in t^llvl&T i!«talboii« 0xe«pt tfeat tiJ -^siOfi, a ffwat dfoal 
I'.ss b€>ef5 l«>ajT.t abo-«t th*-- e f fec t ©f liiii^t«,tic»/fi«priir»ti€m 
of irlt^arlr. '-=. mspitly to the atiim<Jla, 3<»» of t l^»« &re 
im^j:'•m^t't of ^itiMsin A iji a,ei«?lopi®iit ^n6 ^Iffore-at la t ian, 
gsmabrvnc" functions a»f? pooMbli' ®toro4dOtS^n©si». fo 
©It3e5.«!at© t^-e fuftetlimCe) Of vttmdn A In aeirei^tl f»ta%olic 
proeoseas* ®«i!®.Kti&lly thro« ap|>rOfeel^ @ Itaipa Immn «®«^., 
v i ^ . , (1) stwfy of the effect© of T l t a ^ i i A l>y d « p l o t i ^ -
r«iRiletic»i t©efe!iiQ«e ©a tf^ e struetwt'e siB€ metabolic 
a o t l v l t v of ttmsxme^ ( i i ) ijs« of hypemtaailROtlc A 9M>flela 
ard ( i i i ) nt»i<^ .'»- of thft e f f ec t s of "yltftiniia A on leolatsd. 
b io l e - loa l ay®t©sia« 411 thofso throe eygtwain h&.ye t h o i r 
©ertf.'^ an'? !?«^Berlt8. In tfe« pfHBi^Tt linf^^i^ifatioii, 
hyjHS'e^t.-.iiftirjotic A (vltasli^ *i <!oflci«iicf') aodel has hv^sm vmmA< 
fl»®e Btx^lem taave ^ a n onrrl©*? oiit to el«oiiSat« t!i« 
In i t l a t l r a i rmr! progTenelon of biochomlftitl l e^on® inatjcoi fey 
imfttfimmf of iPitMdLA A la gr«irlBg eiiidcs and to mmmm 
m« « f f l e»^ of piwrltaatila 4 plaxkt ©«p©t»«oldB in tfeo 
eoxToetlon of Titaadn A dofieioaey isd^eod Isloeheisloal 
lositme« fh« p^raMotore ««ed in tho pi^iMiiit ettiSy artf 
1184, HK4, prot«im cofit««it«t i » l l nuB^? arai ©oil olao i» 
Attt9remt organs, • i t s , , l i ve r , l^cg* ho«rt «i^ brain, of 
Yitante 4 Aoflcdioiit ehi«i»* 
iBMff i t s an^ i»aiTmita 
Siilea gol ©. tmlgrlatod !jy^w»iqr ^lwOB«t astittoiiy 
triehle7ii«>» «l&o eai%cm«tft» potjuisl^ smi K^ido, sodlvm 
ehlorido, frnxmexmrn 9itlplialw, t r ioa lo i t» jj^ lio agitato i, dielliMi 
ohlorido, r l ^ f l a v i i i , thiaid»o«QSlt ^a«itot{)i»nie ftdta* 
fol ic aeidt eholoftleiforoft^ly otltanol* aotbaisoi, oootono* 
ii-otlsyl otltftr, ^titJlOQBi otfior (%•?• 40-€O»€, 60-«!O»C). 
fho dtemimlB tw«^ ««x*e otrtaitiod fros oi ther S« Koroir 
((lonastqr)» '^as^^Ma H. C^tiieale (India) , B.D«I» (India), 
4Xo»Mc ^oisioal loilco €o. (India) &r ^ I t i a i i Brag ^mso I 4 i . , 
I sd ia , All the erggale aolirento wore ^iot l l lod prior to 
o»o. Other eolv»Bts «««d wore of aa ia j t ioa l gveAe, 
Cryotalliu® syiitfe«tie feeta-earoto»e irae parehmmi fitaa 
n tAa Mi, Buehe, m, Switaerland* Hl-ti^as-inttiRyl ae^tate 
iras proimared from Bofflmxi'^Jm Roeiite, Bimbagr, India* CM, 
i»!U jKH? protein (bovine sert» 8l1»iittta)»tj^tard« were procured 
frOB n/» Sigssa Cl^^ea l Co,, St . Louie, MO., t'.S.A, 
Cmi i i ^ QW €^±dkM neve pati^Mm^ f»t>« Hiaad Slaif^r 
fimltTf Fai^» B«1M, la4ia» Fi«#i grsn&m tnMmk smB e©ria»i«r 
ill 
(fmm iay ©1^  »Lle ^ l t « Im^h&m f*-Vi6eelmat«i ^ id l r s 
in im amtmmttc t^is^T^twm «tmti«ll#6 hteo^mT msS imve t9€ 
ii®t ©f Byaol:k:aai (1962) mm <&mmm^'bM % C^wiilmiy Cf^t) iraa 
a9»« Hit?': ii2.igfet »&*• i f lea t laa to wi«t th® {MtritifMaiLl 
iw|iiir«iwnt® a® vB&xmmm$M l»y lati<«Bal Mi$mmt^ Ommeil {t9Tt)» 
fbft to ta l <mf0t#iiO't4.is wtfrn iscOtat#i. #»«eiitiall:f 
itee©i^,iiig to tfee f.r©e@«i«p» of ftritton m&4 Cl©<»iiil» (!97f) «Hii 
s l igh t »a f i f i c a t l ^« 1% 1® i«»ffir4%«d Ml«ir. 
frmmh gumem l#av»8 of raMflife, mfA ooHma^ier plimts w»y« 
paper as^ tli«D ewt let© « s l l |sl€©«e, ii*lcfe s^ p® &0iiK>^ mls!»dl 
1-;-
iRii® i^p«at»ii t i f l a t psr®. 411 tl i« f t , l t r& t«e «#*« p©®!**! 
syni i«4s<^^ t® ft « t a l l iFistJtef^  »a i« f imcsma fe#l@ir 40® C 1» % 
ii«tli,fl «ttMrr Wkm aSis^. t© i t iiii t l ^ c^-fetata 3*ft t&r a 
fiw ,lfe«w.rg far tto« a#par»tl.im ©f in® My®r»» I t l ^ r f!im^ ig&m 
3»®JEtiim«'tei agaiB witli #tfeer. ^ ^ ecwMwii #tli«r ©xtrse'^ 
uii4#r KraetniK in & ir^tatoif- ®'wtf©rat®r Ii®l8w 40*C to wmmr 
m^&Sy mtrmsm ©f »i%i:'«^#»» 1 ^ f«gi^ii» was %%mi i i s so l 'wi 
gt«iFt^ im dark at -20®C# 
Bifta-ear©t®ist eaa%#atii ©f ear0t»aoiiSs ©ittim^t trmt 
iiff®r©irat flant Mair^ss, m^m ^eteiM.i^i ¥y iBasmg ©f tMm 
l a i^r ehrom.a1;agf»]^ a.©€;#r^i«^ t© tli« »®tli©i ©f BtmhX (1969). 
F©T pF©]^flfig tte® fltC p l a t t s , 57 « of idl iea f«l 0 
i i e t l l l w l wafer In » mimpmr^ wmi^ %®tt#ii das i : . f!i® 
elarry was Wi<wi i^yeart ^tt eltao .glags piit®8 (20 «m 3c 2© em) 
mm^Bmim m ntmm A ^Ficii»f suf 
3« Tumst ^^ 
ii 
fl t t i i ln £'« s* 10,§00 I.©*t ^ttasiii I w 5»0 a^ 
eimtatiiiiif. "fmr g » |sfrii©xif» ICl 5 i^l imlerlim pant©-
ti»f».t« 5 sgj fol ic acitf t 2 i « l vtti i i ia B|g CO.2 |j©r i^st 
iilxt^W' ill mmmtt^l^. 10•© i^ m&A rthQftm'vtm 3 w» 
4.?t5$ Manganese «iil|5&at«t 2W »^| Elsa <mrfe®»*t#, W w^ 
with ttm b^lp &f a c^ re i^«r CSe-vitMit! Toiy W^m^m&t t M ^ I a s * 
iBg la i ^ ) f i i*ei«t fer 400 » tMc^Mwei* ^ ^ p l i i t«» wwm d r l«4 
iB a i r anS tlHm an'^'vmti^ at 1 1 ^ f « r one t i^^ f i ^ c o o l ^ 
i n a desieefttad eNHi^ r * f l £ p3«itt «»« A i i r i i ad i i i ^ t i i r«« 
iJWWNi* £» XatM I * staaiiard h9tm<''ma^tm&m wmB afipUcNl a i i i 
ifi. 1mm 2 wm& 3 ®airot®BM^8 nx't^' i^t fs'^ on i ^ i s f e an^ 
<asila»d<ir laawta w«i» ig>|jli«^ i ?« i ^ c t i v# l y« f l ie pistil ima 
^ • i i ^ I ^ # d i3ii.iiiii^atgi@iyill|r f o r 0m hemr i a adlirant i ^ ^ t i ^ t 
6 | i»r c»»t ( • / • ) aeatima 4a tight ^ t i * l « e « attetr (4CN&D«C), 
ftm teai tma laamUiiod '«»i.er il«T* llglfet a« « e l l as b j 
i^'f«ii^iag t^a f l a t a a w i th €0 |>«z> iMEtt f«reli}.oirla aa i4 . 
f\m bsasie o f f«it«fe ««»! ©aradpSar cmy«t©«f4#« wart 
fd aiKl %b® ^ai»i e©iTaiqp«aitea.4t^  to t1b« «tMiday« Wbm-' 
mm 8«««|^fad: an^ ala^inS f«t|«att4ll|r a i t l i i l a t l t f l 
atl»i*« ^ a €4»iiS»iii^ aliia%i« vara aviftarmtNi to 0.Tfm9» 
$& jBUStS:* "^^ Tmrni^im i a aa«ii <^aat i * a * la^isSi., e c ^ a i ^ a r 
ami a^a ia f< i liata«earotasMi waa Staaalnad i a a laiaifa v a l m a 
o f patr@l#t3w e t ^ r (4O-€0*C)» fto» «dNiox|>tioii o f the eo lv t ioe 
vaa ii^aaitraS a t 490 i ^ i a Hasae^ « i i . limSb iqpao%.i*«aiia«?l 
©©lorl.a©t«r a i ^ a a t patx«»l.«iBi atlsajr (4©-^S»C) I I3JH^« 
ISia i i a a t i t f ' o f %« t^a^<ai*©t®B© iso ia ted from fasaiali moA 
emAm^mr laavaa i^a f a r ^ a r i^miiwwm^ %y i^Ni©ri i t i«i afsaatTa. 
f l » afeaeyfj^flw sptat ra o f saspl®« w9-m ewspaTai idltfe t i i a t o f 
3 -^  
ffeetisicidl gmAm mAtmln sm-pfM.eA hy CSIFt C«Bti?© for 
M®#i#mleal«, anlM., I»<il.», was wii* i ^ t i s t a 4 f^t* 
ai.ft#r v?fei€fe I t nag f i3 . t« re i i f i i l ,# ib^-l. Ixfyiwet«a. e a ^ l a 
urns tti««s al i* -df i ,e i as i l@ft ®v©r nlgt i t tm $m mmn a t 
I l l « l a ''i!,.,,Ifllil,til,„„^lt,i 
QB# Aay ®M <^lc%» ir#f# ]^!jtf»« oa t t t«Bda A |^ pe«i « i « t 
i i i ^ tap wat#ir* ies t f te^e l i i i # « w»%»f ifSlmlii* aa t lMo t t© wa« 
©Ight l a i»g#s lAtcli miT® kmpt ^trm hy mi^mmtt^ ®l«efrlc 
.in eM-cScs worn mm,mMT»& by iWi«yi»f fMiaist awl llf®r 
plateau » t a . ^ im» adhl#'v©<a« f l i t f * l <^s sttnd'ptdf f©r afeaet 
immt^'^ 9t „ .iiJteJ^i. 
In le ts wenm T&nB.ma^ itiri^«a tut© »ipi8 gm^^M mci4 gtmn 
^ .»v; 
enyi&'lesB feasts)/lOO g baiy i ^ i ^ l Cl®ir *«»») . 
Cl©w #o«s) 
«ar©*®B<iii®, ©fcii^« ©f mix ^» f wwsf© iPSf© «i©f4fl^<^a I j ^ 
«©<»pttati-<iii» ikf t f t r ®Biert.fl©« ©feidSr® wifim mA ®|^© aa^ 
i^©i3p iJ.ver, l « i g , l » « r t IBE '^ %rat« i)f»i« t«i«if i.y iwwfWPi^, 
i i | ^ ^ i n d f t iH i i i flgpM©J,«gleia. ©©!£»© »©lmii<mt wlp'*'^* 
3:: 
MA ami- EM- fr@« ttse^ss M®r# t u e l a t e i tey t1h# Wftfeoi 
Fi i» ill- ©f fe«ii©^»«t« wae taktft iB^to a %«%« aai 2«*^  P 1 of 
0»$ » «olS furdfeloii© ae i i was i^ i0 i# Aft.#r k®@piii>i tfee 
tubas &t 0®C for tO Btaa te s , tMy were ©tutilfsK®^ a i^ 
siip#mataat ¥at. i tsc.ari#i t . Pi^stpi ta t© was wa®!i« .^ t«l<je 
with 0i>l« 0*6 1 pe i^h le r l c aels '^ (101S|) , ftsbeg w©re afralu 
0*5 S fOtansimFs fcy-^rortit (^01) wan mi^M to th««e t^lif* 
mmS- t t e teb«s %*#i^  lij:C!«.%at«td f©T* or« fwar a t 57® C* l« & i ^ t e r 
fe«ktfe» After i«et»l)atlOB, tafets^ ire it* eCMSlti iin tea gaisS 2,5 «3. 
©f 1»? 1^ 0#1«I ICXO^ irats airl«i and the t « ^ ® wif« allewi^ 
t© «taftl tw eo l i foy 10 S8lmi.t#e» fl»e tulN^® w®f® thmn 
(HiU ;fni.«ts.^)» fM p«H«i (|M»®ctpitat#) w-ae mwmXn i^tite^i 
wltli 0.2 5 JCIO- a»d rapeitiatafit ¥%« ftid#f! to TtMA ftmctlo©, 
Ariotfee- 10 s i of 0,6 U HC10. vmm i#«#i t© RW4 fracttcm to 
ai»solf« t-*Sll4 ill 0.1 i ffCHO^ * fM© «>lmti©fi was mme4 tm-
in 5 fs3- of 0«3 i X;OH Caqu#titt»} fe^ w«.r®i»if a t Jf^c, f |» 
afeetT© BOl\rtlea «pf BE4 wae diliste^f with « a t t r tt» |f«t a. 
H 
@©I«t.lm ©f a i l l a ©•! I SOS. MM. M tfel® TOl«%i«m 
J i l l l ^ ^ » iit,.,li4 
« 
wfdp© pip#tt«i in to a gluiip ti$mt tm%# aisS tM irelitiiii i«a® 
i i l « t « i ©fffSji©! i'«i^#Bt' wkB i«i#iii t# «iteh twli#» f&1mm 
imiw eetierati witfe wurfei** wmA Misrm te#ft i s fe#Hl«-^ ma^r 
featb for 2© »ifiiit#«* fmhBim wii« acNOl#€ t# res® t#»p#rmtef« 
omi tim mlmiT wmm m^. agmimst a f#s^« t MSBflr a t S60 H» 
Bai l i i i la i . . . , i i ,a^ 
.^.4 ^ « i^a«i-r«d fey tint i<tplmmflLm^iM9 aetieS of 
m ®f farifl#« i f 4 IftN^: mlf li'mr) in 
tsejMtlug f0r 16*»1S femira at, W*C ®»a 
•miXwm WAB m»AM to 100 ^ «ltli i i # t i l l # i wat«r« F©r 
watktps: &ttm&m-g4t W ml ©f t l» sh-mm m»Mt%mi wme M»©i witfi 
10 ml of 0*1 i *IC3. t© Hft^ t^jfmlis^  a»i tti#a iilsetlng I t to 
lO"' «3, with iitmtlllm^^ watey *© «ivt tli« ffjBal eweeBtratlcm 
Ifj;' 13*5 i ^t f « n l « iBiB.#iilwii @^pli.at« iurii 20 g ef 
Ofcinel in €t@tlIXmA «at«r aoi^  t f e e v i ^ t ^ IM« WS^^ wpio 
500 1^, r©r working e©l*itl.«m, 35 »1 ©f tti# »t®#: ^i'otS.o« 
s 
#f the laateis w®irif fflii»i. ^ black e^itaiKtag ao BM wa^B al«o 
i!seitl»at#i a t 30®C fer 1 6 - ^ liQiire aei tli« oftie&l Am^Bitf 
i» wmt@r* fo an allfmet of lfe^^»«at« w^» $ABm€ mf^ml -mlwrn^ 
miimt^s iM»! tfesii cim.trlftig#5» flit e t ^ r a a t a e t -w»s iiime^t^M^ 
mm tic adtl «n^ ! •$ a l is»©^timt*i %S04 was iifi*!:iNi ^ tfeat. 
flit rea-gent wmi sterefl im 4aiiE» lefor© me© 0»t s i @f O.Cff M 
20 al ©f tfc® j«i^etit ret|B.iT#i aaft m®^, 
pia.3F®#ilswK calf t^iwis- MiA (0#i ig^/a^) i»# ®®d« In. 
5 1^ I»OH, woi^ iifeg »ta«imT«i »iis pf«pft3f»d 'fey .id.irlj^ a 
of ! S 120104 ^^^ li®atlJig a t fCI*C f^p 15 «tiiat«. Mmth th# 
8Ciliii;i<ais w^re lr«pt ®t&mi at 4*C» ¥orfciRg staaiaa^® were 
m»^  jA^rsiatant ^iwemr^^^* "Bmeipttm^ wms ari«i. .in a hot 
a i r owMi at 40* C lafig 41gi»»l'W»i ta ®§ fwrr e#«t foya^c SMd.^ . 
SnitmMe %l.i<ia#ts of till® prfi»t@iii sNaamti^i w»m memA f^r 
Cf^f )t "asSjEtg Iit0 t^»® »tTeK alfeawiti a® r9t»remtm »tiii6i&ri* 
# 
|>r©t»it5i, 0 , f liO. ©f 1 » i i ^ l assi 5 s i ®f <s©fp»r r©ii^«i i t 
«i<l«d, Tim €!^it#sft« of fNi teiMi im'm wAxmii mt^ mll&m^ to 
s taa i f«^ to ^aQt«®. to tMe 0»5 la ©f Felis^-F^E©1 
stawkl. 4f%»r lt#«pli^ t l» tislMd® a t r©c« tes|>«rmtor« for 
3© wbswt»ft» t ^ ©ftloal #«ii®ity (©•!•) wsie i#atS a t t50 MB 
t» a Mmm^ meS ttmib »f«©tf^fit ©-tf e©l0riii©t*r» 
1^ SMc ima f i ^ a i ^ f^^  nAiAng fOQ- Hi ©f 
_ ^_. _ - , , L«tl«stt ®f m&twa earfe-a«a«# ultfc f atl ©f 
2 f i » r ©©si iMeilntiaii ©f c ^ i i » ] ^ a © a i « f « twr ta?«t© ms& 
f •id. ©f 1 p»T ©©at ©api^e * ^ i ^ l l ^ i N i . 
©#>|#«rt#* te »tat is t i i«i l ^imlijatte^ using tl*i iP^lle^la^ 
• A H 
N 
T as ?l®.a« m i l ® 
y / i " 
-Clii) *j-»i«i;. Cstasitai^ ®rr<s,r @f i« i r i s t i ' « . ) « 
*>hai'« -I'l and tm^ mr® ^^m s*attiair€ i©idatt«mB ©f th© 
tlie 0toseii:irmti©a# wi#® iB. e©yt«'8f««aii!ig groups, 
A' a t^ , 
fft» t l» degree ©f fr i^c® &«^  »f * Vfihrnn, thm iml«« 
wiif^Tm hmye um^^ tmarmmsm 111 fecjfly w#lght ae w@lX as l l^e r 
and plf*s!Ba -^iti^dii .4 l®i»l#. Mt4.6mm tl»e®, ether Moefc i^Riaftl 
3L«staris of GTgfmm hmm sJim hm-ma xim^ in mlmtltm t© f^uctiofi* 
pf^tftttt of ii^@rf Ximg, liraiB aari heart feit^ hm&n iiwi^ um 
fmrmmtSTB t© ^'^iliiat* t l ^ mtftemmf &f TpTmwltmM.n A plmni^ 
il.^nJi:„„i::@«l,ti. 
Mode ©f #3ipf««)il<iii t® ii^®rlast l e mrmln^tiMg tfe® 
resBlt® 0f i« isiiKal Biitriflon #i^«rf,!piBt« fh® 6ata of swch 
a study csii he ppeiwi^'i ia ® fflai*^^ ^ vm^mt i»« , '*'fi©le 
©rgsiis teads* p t r tiRit ^ftt ti®«*e ^^ t^gtet t^aslsit p»r nitit 
liody wei.#!t bsslSt f«f* «ai t ©til cfeentileal e@i*®tltis^»t 
teids, flae «>et i««al. fwiraw(t#i*® ^ m l i li# wfiiefe #o«s not 
ehayi^ 1© €»e>j ©^pdili^ntal eoai l t ieast %at t h i s io»8 fmt 
tepf«8 iR gtii*i®» ©f tMe lnp«» fMt slttiatiim l#»ie to 
dlff!,aaltlB-s 1» c!#c,tdlti^ wlitcsb fmn»»t«f t© efe©©^. 
eha»^^» ariGlnr t^*« t© tfe# g#aeral l^i« ©f fecNiy wtl-f|lit asi 
cha»i^»o i s tti© eel l e€ii.®.tit«efit#, 4l©o %%#» ©rgas i^l<t]bts/ 
y : 
me^m* Of 4^mrii»« t ^ i « I!H^« <iif •xpfwssi^m e f z<*s»ltfi alira 
lia« i t s l i « i t a t l « i » . t l i» i i SR. ni^&ii i s e«i i«i i«r»a a 8 l » f l « 
i B ^ t i t miF©li8 tht- i a t i l a i t # cMMifl«idlti#s # f i i f lS i iwRt 
e e l l tjpmm mxsA w%-gLtmB i » a jp i t r t lcu lar or fan g i ^ i ^ ais i<l#« 
a l i9 i t tb« ft^ipe to'toil <^£iiaf.# i%. t%^ itaxmnetftre* I n %.le» 
#xpx«iHie'd; {HI irii&l# mtsgmi iN&eie* i^3w»v»rf f a r 6m]4ml!^:teg 
%)m Tmmskitm i n dtli»y j««s»t t»y« tfe€ t > ^ f i f « i # t anS oiss» 
thB msm&s^'bm ©f eay^tuiteiil® aa# l»ti»*ear@t«©« i s « l « t t « 
f r ^ mAtmh aaS e©fliM»i«r 3L»«ife® i s i^&im tn f aMe I-Sf» 
ffee mmmte ©f t o t a l «:»rotenoidis iselat©^ fr©« fe&tlh -tfetji* 
lNitia<»eax<«»t#ii# i « i«w»r im xisiSiefc JLtsiree %s. ceiKparei' t e 
G«»i4«ii^r !#%'««# (falbie I -S)* tTmm^ f^3m&n ftr@ 9 i « l l s r 
ipeety^B i ? ' i t * ?) al^e e^^ f l i i i s tte« i d e n t i t y ©f Wtit-«mirot»st • 
ft*® ctiicirg fe^caiw irit«i«d» k «i'»fl.ciettt i n afe©tit H) to 2*^  
days mft«r f«@€lae «B ^ ta r t l l a A ^r««i «i®t aaa^  a i»#i?!it plat««» 
6^ 
KxtPmetlOfi ©f t o t a l e&rotanolds frfm gremn p l an t 
leaves^ mM t M swparaticm pT0«©^a«r« ©f fe«ta-ca.ret#iie boEuS 
fr&Bi earot^rsoldE^ a r t 4»»eril>©^ trnd^ir 'Mater ta l s ma^ W^thoAs* 
Sttetlon. Tfm vali2«e ar«r tm 9.versu?€ trem f<imr experitswrite. 
Plant s a t e i d a l 





<Hurot«ftt bands 9f «ftrot«fi6&4 i«el*t«» of yMdiidi ind ^^aaA«T 
l«»v»8 mum 90311^^^» dl%it9d ittl i «ii»ti»rl *^^*r and tlHni 
•VK^^nktad to ^Tfomm in « rotcvi^^r Wlow 4§*<^ « flii 
foojUhfeO «»« dli^dlvod in l%bt po%i^Ioi» ot^z" C40 « i6*C) 
Mifi MMHMod* !> 9tma&mri lwt««-e«ziitnRO (^ pootrim wis til so 
o«tTV«i« AH o t ^ r dotMlo a^ ro glrms. vaaAmr '^ Matori&lo (mi 












4 0 0 4 5 0 5 0 0 
WAVE LENGTH ( n m ) 
was acfel©w<S (l-lg* 4 ) . 'Oie &:^mpt(mB of -^Itairdii 4 
«l®«lci#»cj ohm-rmi Iti c*i«^® wire imfflet! f©ath«!rs, 
^tyoeee of «y««» loea of se^peti^ msA ^©epease la body 
weli^ht c^ t l i n ioaa ly . Similar «^prapto«s of vitasdB A 
def ic ien t^ in eM.^e amA r a t e bav© be#ii reported by oth@r 
iroi%erB al««) {^al^, l96Bj S i«r i a l ^ . , 1f69l J^osM ^ j i . , , 
19761 f'hmn^hary, 19811 yimi i J . a l » » 198?). Liver vltaiaiii A 
s to res aat^ d plas®* iritawls & leireie ir«f© uot detectabl® SJB 
idLtaffliis A d©fidl«iit c^^^icks. 
<a) Mar ml^lil 
'Sff«et of aSs iu ie t ra t i sm of v i t a s i s A or <^rot«!ioidfi 
o»i body ^^i..?ht of vitaadii A dafidi,#iit eMeSt® i® giho^ m in 
F i r , 5 . Vitamin A ^Bficimi^ re^ttoei tli© bo^y %fel/»ht of 
chidtes as c«E^?a.r«^ to th«i ehicirs sttppl#B*»Bted with inetlisyl 
a o e t a t e . l-rovitaasdn A carotenoida i so l a to r fyofs ro^lsfc 
aw? ooriaiiflor lean^s wore «^ia l ly «ff©otl^n5 in increasing 
th« body »«i^ '-.:li;t» ©f v i t s«^s 4 d o f i d e n t eMeka (Fi.^, 5)» 
For ea l c« l a t i r ^ tfeo officsw^ of p re^ t tus iu A (^roti»noide» 
t l » iBcroai^ In body veigbt in r e t i a y l aeotate eapf^lsmeRtofl 
cMelfB VBB tak®a ae fW per o^nt* ffea® r ^ i s l i lemv^B 
carctenaielE wei^ about 93 por <»iit ©ffoetive aai cordarsdor 
lea 'wo carolx-^noirfe w r^© fibout 155 p®y eoT t^ ae effootive &8 
re t i j iy l ac^tat'^ a t adOQuat© 1@ITO1 in iacr»a«i«t tb» b<^y 
4. §M>v?K cmm OF edicts mmm mm^ymmm m 
B. <IBSim S»Di<Il» tSOWttI FAftlBS Of ? I f ^ l l A 
mncmm mi^3 
4ft»r ir^i®8d«»a g'i««#i»« ttt i»«igfet fllst^ttu a^ig«» 
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29 8 II 14 17 20 23 
AGE OF THE CHICKS — 
DAYS 
2 6 
«iii«ics vsM rfm<!«ndL7 4i*viS#d in to wrf«n grtmpm* 
267 g i » ftafili giroB^. 9 tn^s& l be^jr iMri^litd are eibeina 
f iH^r a#t8til® a i^ gl'tmn «is^#r *Hat#ilal i i ami li#tk€^s* 
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o o o o o o o 
N LO ro — O) N in 
c\j c\j c\j c\J — — — 
( S U J 6 ) - IM AQOa 
weight of vitimin 4 d©fici«nt efelcfee CfaMe 1-3) • ^he 
Mgh biological afft«l«»«gr t« fifwtto paraj!»t«r«! ©f <^TOt®fi©l« 
«xti«tc*:f? •ftp-OS eorlanaer l ea se s 10 a«fert%e€ t© I t s Hlgb 
l»©ta-car«t<^B^ content a® c^^ared t© r ^ i s h lea^n^ii 
^irot#ii!.©3.ds (fi ibl® 1-3) • 
to fim\ out tfe# iemt 4@p€a^0i»t ©fffeet of |»i*@7ita»dii A 
rnkTOt^miM^ on th& pmwmtmrm ©f atw^if, ^m carot«iioldB 
iwpt giv»» ti5 tw© 4©8#8 ( t ) Xem^r eat© atiiS (2) ai«4niat« on©. 
fim T^tmlt-B «fl^ o«? tha t ettl<^e giv©ii 1©» dose ©f "rltasBlii A ©r 
to tl'ioae tf«at©4 with adftq^at© dos®. S i i a ahm?^ the does® 
d«pei»<1©n<^ @ff®cti! of prefofsped vits^slfi 4 aiia prerritassta A 
©arotefselds mi tfee grcmtli ©f ciif «it«!* Ss® inprovasent in tii« 
fe©dj -K^lifhte ©f vitaysin A 4i»flci#iit imts Ijjf emrr©t© liae alao 
l>©en sbowfi an<! r@p©rt»4 liy ©ttutr worteers (lt©©r®, 1 ^ 9 | 
SffectB Of wpiAff^ataMeaEi iritb aJLl t r a s s - i ^ t i i s y l 
aceta te mBfl i ^ i s l i a»d G©Tiai^«r leu^mn ©»ret®Ri^ae <»i tiie 
l iv9r» tmrn* b ra in and Iseart imi^i-ts of fltasdla A ^©ficl^fit 
©M^s aft 6!-:Owt5 ifi fj»bl«B 1-4 ar«3 1-5) • ¥itifflrf.ii, 4 
^e f ideuey Mi^nlfieaistly reitte®)8 th« tispj© v©S ,^M of a l l 
tim oi^ans except br^dn ae tsemB^T*6 t© vitaKlR A t r e a t s^ 
gr<ai:|>« ..•.<»'9©r5..-il so-ilcftr® hwre a l s o f^per'^lf w^uetioin in 
oilgmR wei^t^tK ©f exp®f4ia»Rl^ aiiliaal© %y impo^^ Tltaasda A 
6J 
mt t h e i r i#®ii{^ht-flat©iB» ©tag® of f i t « ^ m A ief lc le iw^ MI^ 
ai|spl«»e«t«tl with wittmXn A/cait»teaeias« ^iie ^i%Xn In Body 
i^ l^b t of diiefe® mm wmk a f t t r tb:® s«pfl©m@etatlo» a t 
plateau etm*^ i» ^ o w a . fhft p«r cer.t tf-^leieisey of ra^lsfe 
msd c-Qrlmn€%T csf-ctenfi^s was ealc«l?4tiid tislug vitaisi» A 
mtppl^R'srited grtmp (3) a® COB.trial. 








424 u>j "»it»iiiji 4 
21? us vatm^n 4 
P4C' UH r a d l ^ l#av«fi 
cairot»noid e 
420 ug rafilafts l«av®B 
w 
-'40 ue eorlaivl«y Imvmm 
420 ag c o j l a a d # r l e a v e s 
c a r o t e a o l d s 
- t S . f 
4- 34 #6 
^ t ? . 5 
4 ^ , 2 
• 2 0 . 5 
4- 5 5 . ? 






^ 5 . 8 
r-'~ 
EWBm OF MrnxMimmnm OF ?I54K»I 4 m mmifrnm A 
cmotr:m>imi OS tm MTSH ^^m mm mmntB OF ?if AKIS A 
f ^ i f t l t i ^a * » • m&mn j t 3-S« fro© f«er ofeicks i n »a«lj 
Sx<(mp« Other d e t a i l s mr* i«s^Tlfc#d In ths 'Hatftrials ar?ft 
Sroop 7x«atsi»t 
Ox^aai i f«l«l i t (ig) 
l i i i » r i^&og 
A ifMio (d«f ie i« i t t} 
B 424 Qg vltaaitiUa A 
C 2%2 lag Ti%Mil» A 
M 420 tig rmiinh %»®,v9a 
F 840 tig eoTl«Bft»r 
leave a <s&r«t«nolite 
# 420 lig coiriatiSor 
• * 
5 #4^© .34 1 . t7jMD .Ot 




6 . 6 ^ . 3 0 * t.2t;tO»<><* 
t •09!t0.04 
p 0»05# elgBlf ic««t ly ^iff^tT^iit »« ecn^ red t o 
ai{07;;IOID5> 0fl fffi BHAll ASB EtAPf ¥1101* OF ¥ I f JiMW A 
BlFICIf i f Cffl^8 
ffet TiduiBs lyrt mirafi j ^ S , l , f3F«« four ©feieirt i n «ach 
§ir®«p-. Other 4«tal lE! a r t i«s«j^fe®^ i n tti» •MateiAals a a i 
iJKmp fx#at«i]3t 
OjigaB w « i ^ t (P) 








340 i i f eovif»d[«r X«iikiP»e » 
420 lag ei»rlaiia#r I ta*^** 
f»f 7^ .05 
f 0 .05f s t i m l f i ^ u i t l y A%ff%imn% mt emis^tm$ t© € ® f l c i ^ t 
d«ftci«B<^ CJokl a»S Aranjo, t 978 | 4&kX and aat©©, 1 9 ^ j 
OiOTjahaiT* t98l)« Idle«ifi0©» {papplemeotaticm witfe atf«qMui,t© 
tfose o-'" r-roTitaslii 4 caroteael^.©, in<jf«aoe€ tfe« l i v e r , Irai^, 
hrsdn an^ - J»a r t W0ii?b-te in ^taMfi» A d®fli!d«?nt cMcke 
(fabl©i:3 1-4 sai«3 1-5) . How-*f«r» rwsal te Wir® not s t a t i s t l o a l l y 
Bignifteamt i» fev c^i^e* I t i s noteworthy tha t sepple-
isdntatiofi %ilth a d e ^ a t e aaouat of caro-tenoi^®» th« inerease 
in uriiiKlit of hT$dia urns m&rm thwm iretinjfl ace ta t* si^rleroenstedl 
grtmp. i<mmmm.B for t h i s ar® not olear* 3applc©€?ntatioH with 
loiMBfr flos© of vitaid.« A a i^ provlt^MHtB A earot t t io ids a lso 
i sc roa i^ tfes or^aii i»»i|cfct» of ^ t « i i i i i ^ofieiawt eMdrs , 
liot the iii«sroa«« mmn levmr thaa t ha t i^a»rw&6 1 B eaase of 
iiig»^at€ fflipplWMiiitatlftti. fhm iM^rmum In OJ^AB trcl^ht of 
idtaadn » d«flcioHt an laa le by s t a s i a A e«ppl«isotJtatloit lta« 
alBO been r«port«<l liy otfe«r worker® in a©pl©ti<m-r«pl«tii»i 
mtaiietB ( leMy and Rbaeim» fiBJ)* 
T!^ f«e r e s u l t s iiKlieat« t ha t vltanii i A i e tmmee&ry for 
the growth of org&nm ai»5 boSy weight., Carot®iioi<ls appeay to 
b# ecroally «ff©otl'^» In tfeeist pairaaael^r®. 
ThB ®ff®et of ^it^acilB 4 €etitAen^ tm WA ootit^nts in 
liv&Tf bfmiij, }mmrt mM I t a ^ aiP© ^ovm la Tables 1-6 »M 1*7. 
•^:^ tot-al- I'IIA eont^wt tn a l l ^ e oiri^ ai*® of v i t i a i a A 
dof ic ioa t oMck® «m® ^gfidfieiastly loiwr as cc^par®^ to "ttmt 
of vltaB^u *i BV|»pl©i!i©ote4 gr<mp «tf»owi,i^  tfeeroby tha t 
BW&CT or Atmmiii'mAiim OF mfmm A m. wsmi^mM A 
fl3® vsl««® iar# l i i i iR J; S<»B. frcss f©tar c ^ i i ^ ® lis mm^h. 
Qw^mp !f I4 f»r 
B 
C 
1 . t%0«§? 
2.fefc|^«4l 
1 . ^ l 0 » 2 a 
0 . 2 ^ . 0 4 
# • 
]? O«05t e i s a i f i c a i i t l f i i f f # f ^ » t as €©iipa.t«i t© 
MW&CT OF AlMirillJTSiiflOS OF llfmiM 4 01 PEOVItAHlK A 
e4EOfEsoii)u m m.A oomBmi^ in Bkjaw am UEmt m 
nTMin k mwtm&m CEICSCS 
Th9 wmlutm vem wmm& ± B»I, frcNs l^mv eMeirs SJI esi^ 







Hone ( d ^ f i e l ^ n t ) 
424 lag TitaBdbn A 
212 im vi t^KiJi A 
B40 lag r a 4 i # i l«ftiF90 
«rarot®aol^e 
420 «g w i ^ l i * 
840 11^ eOfitwitSer 











tf«ftel«iit r^iawqp ( A ) . 
1 
I 
irttiMifi A i#ftel®ft^ mSmtrnm the e« l l « i l t l f l l ca t i i » , , 
ei>rtii»i«ip iMmmm »t »S«fsiat® l# i» l t twprmm^ tb€ l«»el« of 
giw3iip» tent l&mmT €&mm i*ti* wrt imty «ff»etif« i s itrstofini^ 
t l» im^r&m.^i. l e f e l s ©f 1*4 its H^WTB of vit^iifi A iefl«l@iit 
etAekM Cfmfels I-«€). In caa© of lvtmt,» mipjiletmnt&tttm wii^. 
l a impTorim the Isag S8^ lrs?0lg« I.tk®wi«©, e«ipple'n»8t&tl©K 
with l^m®r m^0%mt &i i^tiiE^l a<s@t«it® was also i»©t a® effect*w 
I -
eM^®> itilefe wa© #^«1 to -tfeat ©f aisfaate r@tlafl ae t t s te 
««I!pl#iii9B^.^ ^re«f» l^t Jllr# liiWT mM l^^.«t *to-® l^ m e^r ion©® 
IiS& l@i?ml8 ©f vltoBlii A i®.fli!l«Jit i^l.€iE« |f®fcl» l - t ) , la 
group* tfs mxp-pXeimmtM-tiLms wtth <iar@*©BMi® at ® #^q[«*t® asi^  
J,6«er le'^fle b-0tfi, did s«t f«8tof« t l^ li«>si*t &SA, l«ir«ilg t» 
i?ltasJi^ ti A i©fic4e.ot; itiic*:s «<fa#l to tteat af r«tiiiyl »«»tst® 
atippliH3#f;t#i group* Only «*#il«»4«r l««ir»e ©ay©tei«>Me ,fli?®ft 
l«irels ®^al t© that nf 'r<itifijfl aeetate s^fl«'««tttei groitp 
(^ttelsr I-^)» Im 9«i» eaisiSy Use 3r»stt,lt®t hmm'vmrt wei«' not 
i 
i t i l i - w r , I t a i f , bfmin «ii^ h e a r t , t s mle© ®'f4i«mt fr©» tl»© 
ffe« @©1.1 na t t e r l a ns^^ i Ims l«»n, eftleBla^tft-^ !¥«» i t e W.k 
i^#pl©ia nw«l«iiB| ia@««N3, 195?) • 
t l ^ diplcd<!- aoel#«8 of aaiy S!p®«l®» tBoi ir l j i f | , |y[,.., 1f4Sf 
D«4 e«iit©iit o f Hi rer» l « i g , teate aani fe^art* ^itusdlB 4 
Mf%.dLmme'$ Tmimsmt %hm e » l l I I«»^«T, : ti#fi©» i t e 1)14. 
liiwisy 4efmn o f # i t l » r r e M i ^ l ii<i#taitt CiKtti«fidl» k) o r 
3 
(liiwjiSiilfromiir iilfii 
sFFiCf OF xmwimm'nm OF fifiwii A OR moiiTmm A 
cmmmoim on mx^ mrnmn m s^ivm ASB hvm or nfmm A 
umwTmf mimB 
Bistdgrsdia are s»im 4 S»B» (imrMeaX bans) fr«tt fendp 
A - 8© tf««it8»Et (l*<i, ^tasain k i«flei«a-t giNcmp)} • - 424 tig 
-^ttaada ^i c • 2t2 13^  vitaraiii A | £ * 040 ng racilflfe XSHINMI 
f - 84© tig e©yiaa8«r Isa^s© caro^®M.#«| ^ • 420 1^ 







































( U D 6 J O / S U O ! | | I | A | ) J9quun|\| WdQ 
O 
CM 
cAmmsQWs os OBUL mmmM m Mm.m mt> mmf OF rxtmiM A 
mrxQum asicm 
tm&twk Xmewtt &mtetmk&l&mt % • 420 ng T«^«fe X««v«s 
fwretvi^ldsf f • 840 M e^flnsd^r X^mmm ^Fottn^t^let 































( U D 6 J O / S U O ! | | ! [ A | ) Jaquun|\j nao 
7 
ea^«t®iiotie is€a,at-®i freat fmilelt ^ i ti&ttm^er %m&mm were ao t 
mffemtt''m In fettsgii^ hmk tim mXl wam^T e^ml %& ih&m %M 
ctelilts e»prl9H3©iit<^ with ad©<jii.at® at^^nt of T0ti.nfl mmt&^: 
or ea?otQB0i«:1.©. 1» so®© oai®®, th® «8wl t s t feone^erj i*«i« 
not «tatli?tically siimifleimit (Figs. 6 ai^ T) • l^^m -mmiXtm 
poiat m*t as orgaa specific @ffi&et of -rStMiia A/citrot#»©li8 
(m i'SA l0v«*le aii5 c#ll imiRl»r In li"w»rt l'ai»§» l^ar l m^ hrmXn* 
Tim organ sp*>€ifie «ffi*elii of vl taela A i«flel@®^ Mid 
^Ep|jl#ii»R.tati«t wittt witiuyl a ^ t a t t hm^m also fee#ii ©b®trv»dl 
itt f^,te ( i l ^ l «»§ Af^itj®, t970| Jcflrl an^ Saaitot, f^Of JosM, 
If IS! I BisKtla, 19B?)« f l ^ #ff»et« i^tfei^e wif fet re lmt^ to 
MU% wmtmhellnm of diff©i*®Bt ©pgaB®* Smmtrml mtmi%®9 in rm.pMXj 
witabollrlrHe Ry®t©«®,, -rif.,, *®tal gio^t-h, T®^f^i«ti!ig imt l iver 
s®d tii^tie eiilt-af«, imr® &hmm tfe&t j^efriotloB «B t!h«i 
«i>atlaMlity of vitm^iM A mimrmlf afftot® tfee- DUi^  l*'^ ®!® 
of ifce if-et®®, !Bte^ I t ean %e 4i|*li«4 that vi tas i» A i s 
mttmm&Tf for c»II miltiplloa,tl.ieR. aat! p«rliapg diff^i^iitiatleii 
iJ^r^f^ £t i i , , t7?5$ 3poir« t l a^*» f9?5| 213l« g i s l - t t9t t f 
flii&lm, t9f?3). 
In ar^  ea r l i e r sla^ <ll©8 i t ih«.e been ©lieenpti tltmt hQth 
f^lsl i taifi coriander lamme earot^fi.oiis w®re #i^«ally «ffteotl'»« 
in fus ing pl&ssa ai^. l iv«r iri1»Ki» l®"wls of irlt^Bia 4 
i e f l o l ^ t eM©t®» fte •smloea i?€porl«i w&tms 
iw^lel i <mrot«fteife • fS-'S^S^^^Tt eoriaii^^«r carot«moitti -
•^ '1 
2» l^iwiy iriti^».,At D«fiei«mt • ©•OGt "vit^^a A - •?9#4%f .1?, 
^L»MM) (S©yiiJl» t9S3)» ffe«f«f©r#* t i» wffect^ ©f ear©t@B<>i€e 
cm Dm l®irel0 @^d «6ll aaal^T of ot^ai^ «««' p€}#si%ljr i^t due 
lilt«i3r that ©th®r fa«*»rs j^ jre-aftiit in pXamt ear©t««s»i€® iwky Im 
le^Pdle in ftli tM@ ong^ist iris«» Xiir«r» Xvtm* "^rmtn ma& htmr% 
of #d«i;8 *e ei^ afajpod to ohiek^ SQf|yLi^ @^^ witl^ iuAOj|is&^ #09o 
of Ti'fe^lii A (faM«« I-€ sBBi 1-9). Ummw9T9 tbe i^^S^otloe in 
MA loifels •sfarl«d fro® oiigi® to orgaa la:^  ^t-Mii» A ioftoionof 
Wing ^ g ^ a t i a l i¥»r aaS 2»ag l^lIonoS "^j ^miii sm& Jboari. 
Midaistytitioii of T3*ii®li and €©flsd9«l.er loathe <imr©%#isoia.« 
wstox*^ ^i# ISA l#ir«il» iR a l l th« oi^af* of titsBtlm A 
d«flolo»t cMel-a lifeo tliat of rit^MM A, but tMe •wurloi 
trim m^ma t© orgaya si^: i»4tli tb# doa» of vititatfi A or 
•Aroti»ftoi4» #liFom« €Mi^s wKi^^lmmBmm^ idltli adofiuato 4Hio«iit 
Of e«retiiK©iie sfeoimi iRcmasiNl lil4 l»ip©l as eoMpwNNi to 
chlck,a gi^res a J^^a to lus^^t of iwtliiyl acotato, Imt a t lowor 
<So0O® of it^rotesoias ®i^pl#»tiBtatiim, tfeo efftset® -TOflt^  
ojTfan to ©ugaa* Luiiig IIA levels of^Tlt^iim I t e f io l t s t 
. .A A / -^^  D / :,^  ... 
eititkm VV& Imrm^m^ fey feotfe lo i r ' a i^ ' i i«#^fe mmmt» of 
1' 
m^wmmmm m mk coifiifs m Litis m& mm m 
Mil ^le va3.i9»s * f« M»a» x ^«'^* ^^"^^ ^^^^r cisielcs i n 
4 Mmm | i« f ie i« iat ) f 2»2«^* l t ©•f5iP»0S 
# # 
B 840 ^ i « i l . i ^ %• 




4fO mg f«ai j i i^ ^iw««8 
840 u^ e»7iiaeid«r 
420 ng <ioi<i«aii«7 
t f . f t j N | . 3 l 
25*!^i2d03 
t5««l5l^«t4 




iwscs OF MMvimmKiim OF iitimm 4 m Tnon^mm A 
ffe© "m^.nds a » wn® 4 &• ! • f t «» feer i^ ielrs l i i msh 








lase (ae^e i sa * ) 
424 «g Titafflitm i^  
212 ttf f i tsa*!!- A 
8#0 mg m^ i s l i 1,«miRi« 
41® « f « t i i f f e l«a,"Wie 
caret* neiAo 
S#0 n f G©Tl®i»l®r 
420 mg 0er las i# r 
1«S2j^ . . t t 
2 * 4 % 0 - ^ * 




» * ? € ^ * t f * 
1 • 6 ^ 0 . I f 
f •0€^ .06 
1 ^1j ;0.25* 




1 . i« ; |0 , t8 
t#4%€**0T 
i « f t i d « f t t g i tRi f (A) 
vm mftmmtt'm ass ^ttia^B A tm T«st#fliif irltwiia A d©fici#a<^ 
iis^wct^ l«-gt€«ia i», l?Il> e».t«»t® ©f 11 ^ wr, lwi^» brads, me^ 
immrtm I t wa.® e^^r a Smemim u^©, tlimt fdi^ilja, "^^  aeflel®ii^ 
f-meiwa and' aoas© « p i i e r i a l esl l®^ i i 4 i#f@ls are <!0©r®'m»ei. 
with -ritimiM -* ©r i t s sanal<9gttieif (%0im g j ^ . t 1975)* RM 
l l¥e r CJs^ a.3pMi fjl ^ « , 1975) la^ of ©strogfrB-^rii^ ©¥lfeet 
C^osM £^ ^ » , tWi) tei:^9« iili«* %e«R efecwii to be i«#Bot« hj 
CMr i«.^i,3,ts mlmm with t*i0»# §f eafliicr wortere 
f9?5| iTaeM M Jii«» ^§?^l ^©®M» 19^) ludieat© a el©a« 
which g«i» t te f«g»3Lati©fi #f a feA®l«3f:la«l. ^ « t « a I s ©ipp®©^. 
Cffeoi^ Mm S i i^«» f ^ 4 | H»f«« «ai €^«iii@# tf?^f l^ 0tiai> IfSO)* 
mf%9T ^ei.iiig f«tlii|'l «G»'tiit# fte t ^ i^ @i*«« 9f i^M^s^ td 
ei rvforte »f fr^t^m^m m^ Kramm ( t f7 l ) | Kiml^ ma s | |^« Ctf72) 
rnkTotenaM® mi^^l^»'m^m^ttfm imTm stseii'fNS^  tm f i r s t s iKnwIe of 
MiNir» Iwim* ^tidB &ai lie*rt of wli^mAm A 4i«:Bei«ttt diielro. 
ffae f«.iml.tfi «!*« iiioim in 'l^^loo X*1Q «ii X^m* In lJlifor» l«iig« 
l»&it a»d %i«tJiB m^mm^ tli« lotal pret^ts oflffi.ttBt» of 
^^tkm Mtj^loaoiitod lAtk ^ ^ S M I ^ ioo» of titairibti 4* 
^:' 
.;,?fii.. 
Mwmm or kmtMrdmknm m fi.?iii» A ©i wMmttrnm A 
ffe» -faltt*® &w% mmm ^ i»2« frm& four nM^m i » « a ^ 





420 1^ eor l i i i ie r 
55S,5^.62.1© tOf-C^S • f t 
5^«17jS6,^ r r •6146.67 
6 4 4 . 7 1 ; ^ . ^ f9.4%5.f5 
456.f%55.34 7 9 . 4 8 i 4 . ^ 
f 0.05» itf.gelfle«Btly ailT#f®fst &m ^&m^tmd ^ 
> ? : ^ 
§mmBMQim m mmMW mmm m Mmm mw msm of 
fMie T a i ^ « mm mmm 4 S*!!* f r ^ f^nr eM^^s la # a ^ 









4M t i l l n t a M a A 
212 w^ wttmts^ A 
840 13^  e@ili«d#r 
?4 •5 f i i 5«^ 
125,41^18.15 
f0 . f%4»?5* 
f t f * 1 4 4 5 * t l * 





9t . .0t^.6? 
^-•5t i . t3«51 
SI •5fiL?«85 
f to.97^15.10 
100 .1%! 2 . t i 
f > •' 
ea.ti3t«Belde a lg i i i f lesai i t l f ti i lmiicwi tfe# fr@%#i» e«it#ist® l a 
b i s r t f r o t e t E t w#r@ »st a l f®et©i fey eaf^t®?i@4iii asaidL»i®tjmii«m. 
«.ppl)tf»ii:tatl£ii «®f« f - rofmt i^ l j r l«fl«i«»€»(S fey tit® lawRiat 
» i i ! :M* la i « i ©©llxilar p.ip©t#te l#ir»ls o f u t t w i t a A d# I Ic i«« t 
ttiicitea «rr# lm?@T tfean tham # f eM«k,a siipf3.sw«,ii'fe«i w i t l i 
i i ^w i i ig tti® » a t i w a fft>t«ii i . ee«it««it l a -ritaplis A 4#ftdl®i i t 
t a ^ p l y C t ^ ? } lias ala© f%p©r1»i t l » iM>gat4iBt B t t r © ^ » fealsjae® 
i l l "ft tenia A d®flci«»<^« f« i# i i0 f i i aai €% Ct9€9) %mm Wiggmm^i 
that ^ t ! i « i » 4 I s tm-wlimi 1M tfe® ^mtfe id te ©f tsuiiamiie 
stftt.«rl«i»@e 0f 9®a«i|?-la^e r e t l e i i l w i s i ^ fHftrlwfe tin© s l t « of 
i t® act ion is « t thm tmmm&ti:p%Xmk ® t^#» ^ I « © a ^ ^ Wolf 
^mthmmma o f tot^etls^. ^ i ^ ^ i I n i r l t a ^ © 4 §0ftdLmtt rmte 
9 
f «p i l j f l # tim iiyiitli«©l« ©f tfe-ei:^© |i i^t#Sjis fey i t a # «irpf@«iis®« 
flMi B®aiii8»i»»t ©f e « l l ^11® gif«® a f a i r l y g®©d tde* 
sia©« ©f o i^a i ts , T I H , . , M i f t r , l«Bf> "feimtn «aii l ^ « r t tev» %««R-
O i l l ©tag <wetgfet/iiitel#ii«} f@tal Offaa y« ig l i t ( f ) i 10^ 
^13L iisi^@r (mtll i@i»i) 
f l i t © f ^ e t ^f i r i toRi i i A i# f i© i« i i i s f «m e s H t l s t s^rss 
@ f^©M.t® t© tha t Q*tft»rfti i s 1^11. iimi#«:r in a l l tlwi ©?ii«i© ©f 
^ i « * « (H®s , B aitfl f } » llttmim A aefielemcj' i#ef«a»i4 H ^ 
mix a e s ^ r , ^ t ia0r»iM8»i tfet c ^ l l i A ^ as e®ip i i f * i ta& cfci€lr» 
iai|iflae«ji,t«^ wi th aiwfi imi* ^iie«iBt o f vt%mA.n A ( w t l j s y l aei t ' ta^) . 
I f amy he BimtmS thm th» ®f f# i i t» e f ««piaj>s»staMe«i ®f 
r a t f i ^ . Mt<! C0rl«ta«r l « a w f on ©rgrnn w«iglits asMi t l i « i r 114 
Mtmcf OF AmmiBfnAmm cer nfmm 4 oi tm-ntmis A 
C4ROfsjffoiuJ3 OS mu. stm of ixwi m& mm OF TiT^iiii A 
lli.»t%i«mi &r9 MMBI9 ± &mMm {imrUmX ^ax*) fr(» fmr 
B «• 424 ttg iritasMta A sii^j^^weistatiottt ^ ^ 212 vg vl^ialB A| 























o n u / [ 6 u ] 
azjs II 9D 
4q6 
O 








Gmofimmws Q« C^M. BUM m mixs Mm m^m m ntmm A 



















































( 9na|onu / [ 6u ] inOieM) 
azis 1193 
a l i ^ fmxlM frtm ^"rf^m to <>iiga»« SSffltlM- «ft«eta ef 
iiii e»13. i l i ^ (Fig*. 8 mA f) ia ©i^aas, • !«« , liT^r* Im&t 
ii)i0iri«i as iM^T&mm la the »isas^r €»f tiiiCRie cellSt |N»8a»ni 
and. cel l ©!»• Sa l i ^ r mA Waiu, ©f r^t«« 
iftfidWEicj' imi^cswi M#c^b««dcal letd^KS ar® r»stored 1^ a l l 
i@olatfti ttmik T&MXmh. anS i^xlaii$®r l«8n;<is- a r t m» «ffeetiT@F a« 
a l l traae-fetlnyl aettat® in 4»q?r©9'iiif fy©wth, orgMi ^^eighta 
a»i cel lular BiA, g^ A asi pisjt0i,B l^irela ©f ©ffsaas ©f vitaaiii 4 
««flcl«Bt «Misks C5)# fl» afftct®, hmm^mT^ imim iiifl.i»i*e«ll 
1^ t&e wMSmmt ©f ratiiagrl a©atat«/pr©irlt«siii 4 earoteisoias mA 
%h»m »ff«©l3i al®© wnxt^A fr©« ti«»o.e t© tlss«i®. 

s? 
f«tii^l . M ^ l u g t**^*«to (W^) {Em&ml $^ A . f f96S)# I» 
{P4, i^l« wt* f^OO) in f i t iKiJUar r%ti© (Gle^ r , tf?5l 
ti»©asaii# 1f?6). fJMi MiHllag #f l i t «rt.^ m ffi iirftop«iii«iit 
©f tli» MBiimg 0t tfe^yexls® «tt& f A. In @mm «f l|irf«-
C t^® fti !!•» t f l^ i ir^tfe ji^ $^mt f f f f l f«t«f««® t l A*t 1fT4t 
a»a the d#Mf©aqf ©f vsttml C^tswln A aichoito].) fr&m hlm^ 
%Q %h® t a i ^ t M,s«^ teas te##a slaiifitt t© hm MM ««p(iiii«at« 
pr&mtm i.mw^t'mm mil w^i^mm- tmmptmtm for f«-tla©l-%i»il»^ 
tr©t®ltt (Bm^ me^ f«t#rs@«, IfTSf OMia i ^ Btll^j-, IfTff 
^ imi Cfeytil, 1^8 , f?r9)» flai ^ e l ^ B t i * «f fitawis A 
Im »©-t ^#®fi j ei^«r®t®&i. I t fesa lNi»it gsi^«»%ii t l * t IIP 
a ^ fe« booiE^ 1^ ^ i mix mtmhtwrn^ Ht® sennBiml p©l,|rp«f tt4« 
R"^ 
f 9? i t Cli»ii 8^ l©31«r, t fT?)« iMP^MMi l i ^ Bff««s ( f f74> a i ^ 
tl«%f#!«iM» £ | i^« (1f7€) 1^ *99 i«forl«d ^ « p^m&mm of MI 
IIP i a m.lk* » a « %© study ifttanto A f^apwa^portf T«timol 
Mii^iBt |»ir®tifiA sfstmi ifa» @»l«e^ HS a@ & •^rsmm'^Wm 
imttml Mm^trng pt^^iM mm fi trifl«i trmi ^^let lili^ii. bjr % 
»eiifl«tf 8»eitliei« S«r^gi IIP fea@ %««m p i f l l i t i «s<l ^giracttilfivi 
tm.€ ^ t» d«giii« ©f |»r i f lea t ie i i «BMB fr«fireail3r «ff#et*i l>y t l» 
»»tlhoi ©f l t » i i ^ l a t i « , f&T t l» fiarst tlwit #«»% amretm 
(ffTS) fttjlfi^i i t fey a eoi^tWitlwi #f SlAl-e»ll«l««» 
®li-y©«a*^ft^il^ m^ pmpmmtkm g#l dl^otf^^^r^Mv* la i^l%» 
i^^r« i i t ft«M mm& paritf wkm mmt SEtisf^-toif • In the 
fimmmt @^H!y, mn imprumtS, wmt^BA %m» ^mm nm^ -^ ob^iiit 
far* gmtt mrm i ^ . , iMefe mie tfe»B mtitiiMi fifir ««ter»l.«d8g 
statue- a l tera t!i« ti»t&1^3.iiei of f«tia&l M a i l j ^ protoia 
n 1 
(lfe%« t i &|^ *, 1§?t| I n i t i a l ^ ^ f l#f»r# tfT4l f* l l i a i i al,.» 
19?f)« l ^ ^ t trntlm^X hiMAiM^ i^^etsia I«ir«.l3 li&vt %««i iie»i i 
i^ i^Mies i1) idiigi« mi«:»lirt inaer a»i (2) waMi^« Mm s p l i t 
Sat© #«my ®fti.idl «#»,»» to #f€«r ^ ft»S. ©at nfettfe^r the is 
jn»oiKita«AB 4 eai^t#ii,®M# e«i .ra4.p« 11^ l«iwil» t s %0tls %l@oi 
a-ttS. w^JM nr tfe® i»©j"^i»»i HP l#v9l« mm to® sestftiwui f«r 
alfh^-^^wetrypslias^a 4 , &et^l«i5d#®, g,l«Hi»Btli3Fl«*» 
Bti^lligast iltt# St telne i®3itww» a^ai^iet t i ^ s Imiw ,^ iwsi« 
f«if>dbiMM^ fr^iB Slipift '€tosle«l Ce«, St* detaint ff^*t C^ ^^ ^^ * 
Cl^ipl«t« ftr»^ft4*ii i^jwwfflt wwrn Qhts^m^ fmm Mfe® Ii^>wat#M#«» 
^tip©lt, Kti^lgM^ 0.S.4, 
SmttwrntLm^, 411 t«««-«t«tl]^l •©•tat® mkm m g i f t fnm 
(«#tl«tty 5.53 Billle© I^/g) w«« pro«Mi<»a from HoffiMua-Ia 
ll®i!ite« Baal^t Sirlttirrla»i • RjUwtiral M E ^ r e ifetaa.m) w»m 
e^taii^d fitmt krat CfeaeiealSi «iri£lli3iidliftr» India, 
All otlNir rmmi^r^m a»i eliesilealst iB#«ir^ i^<^ <^^ or^eoile* 
tii^d in t h i s etu^ f^ " w«f«r of ai!B»l.^icial gira^« ftai iHir« |mrd^ae€ 
f t i ^ B. K»f>ek9 CNirtniiy, Sarabhid ll« C!»s»fii< i^l8» X^ la or 
A* Sey^ai f'resJi goat Mood wait ©oll«et«i trmt Imml 
elattghter hmtm aaA was alle«#€ to elot a t 4*C, Sarmi waa 
8»par«t«A l5j c^BtRlftigatlim ia e^UI, as i proeoAwid for t!ie 
l i^ la t iau of ptt tnol %iii^iiig f^-otalu (SB?), Bemm ooul« b« 
oiopedl ut -20*1 after a^<Jitioa of 0*001 fey ©out ^tdlus aside 
asiil then u®€«i for tfe® isolation of fiBP witlioiit ^ly loee of BBP, 
aol«iticat& ¥0i« |>i»|)ared ia «!osM# iifft l l lsd wa'ter. fhe 
oolann olir<»at©g3raEplij aaterial® (ion eitefeaage ,|^1» a»a 
ee^pliaieiees) ware aoa^se^ ai^ aai^ftdi pr ior to um aa r«eo»se&<«3 
fey IkasuMstcla i'iao C'ljg^ieals, %p«ala, Snetfaa, All the 
#ir«^atOfnapMc c ^ r a t lone war® ©arriei out in eoM room. 
C. I^ la t lQQ gr<^»aaipei A tt^eo step proeetlure vas 
mtwm&Mviiws^ to psrlfy MM frmi goat seraB. 
a • 
Q&m% smr&m (190 mX) vtui di«ilys«^. «^ iB0t 0 * ^ H 
pet««eti^ffi pM^mtt t ^aff«ir» $1 7 ,4 , eestidLmliijg 0.1 M lla€i. 
iJ1;«r dla lystn , 8»rtiB na* e«atj l fu^a a t 10,0(K? x g for 
IS •diiiit«ii to rmaeifm anj itisliuHe tm& stp'pXlm^ mt to a isoliim 
fi^a«il«iii pliO0|feM« %ttff«r» i^ B 7«4 e<mt«lBiiig 0*1 M SaCl* 
lltttl<m umB ©arri«^ ©at wilih ft i ia tui ' f f ^ i o a t ©f lii^I» ff^R 
0«f I! te 0«5 IS* ?i«oti<^9 of 10 a l iNiro eolI«et«a a t a flow 
i«t« of 45 ifl/ho«tr» ffeo fSraotioaa »oj« ^»iitox«i for 
fls©roe©<m^ of j^fietola hmmM r a t i ao l %mtm tan*-? «pti«a.l 
flnoT^mmnm imit attaohod to a OA-^  fl«^ra8c«ftea iMnitor 
CIS05, Llaoolii, Itbraalmt I9^ *S*4») ami protoia Sn t ^ a o 
ttmeUonm ima aatisatod b j M»rot a t thoi ( ioraal l s i ^ « v 1949) 
ftoe RB? ooatal&lag frftetlans Ci^« 42-67) wora |^9i.4i^ for 
fi^-thar ^TtttemU-mi %y eferoffi&tograpB y^ @® l^'-aaffcalax >^Xtiffla* 
f^ ]^ ooJL«d fi^otiaaa eoBttainiag W^ nmvit oo^cviitratoil 
«»d«r nltrepan pxaaoare ualiif « l t r a f t l t « r <tR*fO) la «a 
jMoea ^ 1 1 to about 50 »3. m& i i a lyaa i agaiaat^ 0.05 M 
soilus aoa^ ta feoffor, pE 5.46 for 48 b^ara wltli aovoral 
ohais^aa of bufftr at 4*C anS -anBi eeu t i t^^** la a 
r»frigorittai mn^rtt&m (SNirvall* 1C-»51) a t fO»OCMS x g for 
Q 
«©3,iitl«a urn* a ^ l « « tn a iml^ aiffi Ci5 ir t*25 <») ©f m^mf^^mm. 
ffe« ^ltt«B was # l « ^ i id.-^ %ha mmm hntfew mB$m. a l i » i« r 
gmMimnt ©f ^ C l (0»© M l# 0»4 It). fi«©%ioe8 ®f 10 i^ IWP# 
i«t i»ol SMS abc»wi# a « BB^ e#fttatBti« ftmcti^ss Cie. ?2-i1) 
iHif^  pmlm^ mst^ teirthmr pmrifi#4 i^ s#ftto«a©x ©-f<SK5 e@2!si«i* 
i%B I I P JBfMii,„.M#?,„M.llill:„.tfef^Ml-^IS^Iy f r t»3>fi, 
wsimr Mp ptemmtm tn s^tamt 5 aOl mid ttmm Mtalfw^ a^miaet 0*02 1 
fi^iaplmtt bBff«p| fB 7»4 e^sti^Bliag 6*t 1 l ad . ai^ t^p3li#l esi 
tfe« wmm %®ff®r moA t*»a #l,«t«i a t a fl^ir i^-lis of 15 wCL/hmvm 
Wwrne'ttm^m ©f 4 sdl wii^ e©Jtl#et«d m^ «^«ii^ @-r©i fur a%*at%«MiOt 
Ifey ft*» Elf ifrmirkifm »©• 52-41 )•• i#tfc ^ m ff«©ti®a» iwiaw 
•l«eti«ph#f«sie if MM) wmm mser±m€ 0a t % tfei. iietli©i «f 
aaiftft (1964) «#liit 7*5 p«r ^ s t «el itt p i 8*5.. Fil©p t© 
0 
id til 0 . t f j ^ r etal IJ©iMMisi»-^rtlli.«9t Mlim t <t.2S f C©»iMi«i:#-
ii»*tir) Ittr mtm i^mawm fim s«l» wn* i«»t«lw»i fey f«f«iat»a 
inua d«ttiisimeS n^mg S#plmi«3E S - t ^ gel ftltr®ti©m mm d « s ^ l ^ d 
fey i M t « ^ ' r (1965) • 4ip1^b-iHBfe|wati^«i»i^«i. A,, ovalfeB«lBt 
feii»yiii# i«f%» s l ^ i i i s , ^y-^^^wmm & and fiiiiiiiM»ci#litallsie imm 
nm&. mm the wmi^r -pretmimm* 
mrm& mgmtmmt goat mrms^ IMP ims Tmi.m€ l a ml^it® uslag 
piilit®<l sffl? «« tht «Rtig«a. ffe« rafefett« Cafe< t^ f .5 kg feoiy 
w s i ^ t ) i i i » ©alntaia^ en mtmeAmwi «l#f CSlsi leirer l . t4 . , 
Mmkh^f. Ifflila) 'ji»a tap irait^r, MP s#ltttl«a ef €50 iig/til fmm 
pT^pA-m^ In |^ Ji«©pljat# lmffe»4 eal i«#. f© tir« sa ©f ^ I s , 
®f»al fOl»» #f e«©pi«t» Fi-«Kis««® i^jnipaat was wlaBed. 
f»tt i i^etio&« «f 0«t » l •fteti «»x« givwB 8iibeBt«iit<ii2«l|r ftt 
mm t l m at di£f«i!<«iit »it»8 on tho buelr of •aelt ra^ bMt* 4ft«r 
5 «^%s» a boe«t»r i»j««tion df tli» 8«s« i»« gl-vwa. 4 «*«k 
l«t«r rabMta war* tt»d tltre«tgli aar -fvia* 1 ^ 0»2^i vas 
aftl^ rat«<l a^ «tox*a at -SO^C, fha 'pntmw^ of «eti1»odi«« 
•f fiJii* vaa t««t«d )»]r dsabl* ianosodiffiisleB (OaotarXoay* 1962} 
n . mtrtitslailnitiliti 
Laelatiag goats (tiody voiitlil 2d»'16 kg) inix« pmire^ uRoA 
lo^tUf and ^o»ot4 iisliTltfmlljr i s inm 1N»> OOMBS. Aftor 
aoeliwitiwatlaB ftCMo ^x« ooaditlima to inimil iiimaa ecA^lti^Ot 
i^Tf voTa ^sigod froi grate 4i«t to oonemtirato alxtero 
(fatCLo II»t)« <^ oat« Bat^  frao aeeoi^ to imip vatar. 
liaetatin^K fiMtta VOTO divldad into tvo g r i ^ a of tltroa 
mmh anfl iiai« aittti^atayad orally Titanift k aaS %-iotiB3rX 
aoatata ta jgroundlottt o i l hf 9»mmm of ^ l a t i o oapaalaa* 
%c^ l^  j^ i It M^ e gl-«f«s a Blagla i^ aalVQ €08® of tC#OOG 1,0, 
•fltaaln ^/kg '&o**y welufct/goat ai5«! also 2 nCl ^-j^t iayl 
aeetate U . e , 3i.n-:le sa#a,tViS <lo*lag adfe«^"ol«). 
^gaap III 2t tiaa givoB tO»0<X> X.fl* of ultasla A iBto foor 
fl|>Mt aoaoe i««« 2500 I .IT* vltoaim ^As ^ody walgltt/goat »aa 
9.3 
&eoiI«d grcmadiimt eaire 100 
S#iltam <M©ri<S« 5 
p9r mntt 
gi^mn for tmr cfflMi«eatlw days, ffel» group ima «i«© gi'WB 
2 «C1 %*i«tijiyl ai»it«^ one* Ci»«» i ^ l i t «©«lag ae!i»anl«), 
fht blosdl «ft^  idllt M«rpl«8 froB o«ob goat wixti 
oolloot^d a t 6 M€mw5, 12 liosre* 24 Ito^trs^ 2 €w^e, 3 dlagrs, 
4 iagrs,5 da^®f 6 6igr®» 1 «s*y»t 8 «ay®, 9 days, 10 iaya, 
12 4ay0 mA H ^ajre aftor irltiaida A aSididotTatiim* Sonaa 
lias frapajni !^ y ooa t r l l^^ag tlie blood at 2350 r*p«a« for 
20 «limt©«i i» a Sorvail re f r l^ya tad o»«trif«(^ (Wodol f^ -C-^ D* 
n Setifflatlsai of rot laol feli^isf protoia (SIP) la lillic and 
aojmm aaosi^ liti? a t dliT^rant p&rio&m hy •laotroljniiiBOaaaasf' of 
X«aif«Il ( l%6) , fbo saatla^ra yaitsei a^iaiiiat |(arlfi«« »»mm-
WSB wm 113^ In the aatit»atieQ of milk Mf^ %«oattao i^llt 
EBF eroes reaetc with attti-^5«^BSP-«*ra» 
2* -Batomilaatiffii of ^B^^tanlJB A ra^ioaotiirity aaiNNsiatod 
Kith MIk m^ tmvam MW ^ wmtm& of lamBOtoftTaelpltatioB 
MT'teoa <H«ldi©lbai^«r ana I^ndaHy 1937). An a l i i^o t of wlllr 
181^  aoni» mma^lB was plpattoi into t»l»oa aaparatoly ae^ 
approi^ato mtajuvimT^imd TOXoao of aAti«S<»fiKr«>at7m vaa 
«iaod« The t ^ ^ a iwi^ Mapt ia «larlt ovorftl^bt a t r©o« 
tMRpara^re* fhe ffiijrt^3f« waa t^ae ftltafad tiadar vai^aai 
t h r o e ^ Kinipore f l l - ^ r (t3n>« BA» 0.45 « a ) . tfe« pf*el|jltat« 
<m f i l t a r ^ta wmmimi «rii^ n e ^ a a o l . fINt f i l t e r iMifar traa 
tl»n traaeilrnrad to aedatillati^ri vial fm' i-*a«ifl««ttvllgr 
Ciiiiy*« fXmti) im» #i4M %© ©aeli e^aMag vial* flMi f ial» 
biSfta»f!%-r{it«i^  was eai@idUif«^ aa fi iig ^l»i'la.-ear@t«a« « t «tg rnU* 
-temasi^M.iiol (I?A© t«p«yt, IfTf) Ci»#» ii.%l» aiwwiTO ioidtac 
Sygrei^  l i t t% mm giwm, 4*9$ i^ fe®ta«<air&t«»«/^ fe««iy walrJiV 
g«at Ifeir fmxT i^msm^mtl'm iw^m (!•#• i ^ l i t i®«isg 8#Hiiia«). 
:%e blood IAM miXk msms^mm 'mrm mllme%94 a t € IhUKtra* 
ana W a i ®%^1«»® «fly©Ql ia 4twummm T^ imlmm was 
90 
trvatiMiit sy^ HBF «&« •«tiaftt«^ i s wiXIr and s«Tiza •snples 
a t aift«ir«8t peri©^® by «Ieetro»ini8iiam»say t«ciiiiiq[a« of 
^* Iff get ef adrolBlJiti^ti<m of 8*-^p»'%»tar'«ayotCBal m 
S€«it® i«i3nt € i ^ i # 5 iat© followiiyg two grevipm ©f tferwr 
gemte in tis.^t 
dy^p l i I t wae gl-pea a elagl* iMMi«sli» <!o«i ©f 8*--a|>o» 
lKitii^ -Haay®t#iial (a t*tab©llt« cf l>©t»-oar0ti»ii« femei ^lEiri^ 
I t s ^rminal oarislalleii), !•©• 39.6 «gAMf ^ody weli^.t/gwut 
( i . « . 8in^ fl:l€? muemivm 5o®t?j« ifel»tdtjXo)« 
(^ rotm l i t I t Has «iir«jn 9,9 i^ 9*-ap-o«-1?#ta-c«tr©t«nal/l:g 
l»oey ¥ei,#.t/goat for four c6a®«®itive aay© ( i . « . ^ X i t 
fh« blood aad «ilk aassplds >i«z« ^ l l ac toS aa in tba 
pTmrimtB Q-xperitmnii audi aaae mmXfimm p9rfQrm4.» 
^' ^ f g t Qf »am±n±BtT^t±^ a f if^^^^^ffff^H ^ ffffiyat«aaidl« « M l ^ 
liart aaimiii retlwftl blndlnir t^awtaia l ^ w l a of ^a^tatlajr goa^f 
&©ata Her* diiriiad l a t a f^lmdm ^ i « a f r m ^ of tferaa 
goats eaebs 
§jpmm It I t waa mArmn a alagin aaaaiim 4em of frovitasda A 
(»70tanoii8 iaoXatea of raaiito laavee i*a. 39.6 i^A^ body 
ii«i^ht/ge&t. Til® vitaidB 4 e««tests mf ^^mt9t^^S.m iwin* 
7«tiiie»l CXVA09 B9|>dz^» 1979) (sisgl^ BMislvt dosing seluNiBle)* 
Quons I I I I t IAS fiT«ct atbcet mui^v« aiM^mi of ^nf^^eoiSs 
iisN»ls'l#i frtm w^t^ Xmmm-m into 4 n^ l i t ieaeo i*«» 9«9 a^Ag 
feoSy ii©ig!it/g0»t for fo»f coittHtiaitlT® i«^» Cfi^lit ^cwteg 
QgQtffi n i l I t «a8 glvon MuisliNi §«QttBt of enTOttiioide 
i8olat»(l friMB T^iitmh letwmB emktlwmmtmly f&r ttmr <S«fs 
i.f», 59#€ mg caroteiioiai^f li#dy ii#itlit/foa% f^? ffewp 
ocm«»mitl<«iii days («i8tiim niiXtlpI« 4oid»g s^iedQl^), fh« 
%loo# and a i lk 8a»|>les ymr^ %Twsm as ^e««rlb«4 in wSbwt 
iO 
fim #»rQ« x«tti»«^ M&iittf pf^ %«i& MM iNMn iie^lAti^ 
ftmk emmml ms&w^ mpmislmm «*i« f!ld<ip»i, tmt* mmSimjt 
Isiaiaay i€ttt #fe# fi» ii»%li9iii ef ie<ftiiti^i a i^ ptitliimtiiMft 
#f IBf -mfT i«p#«ii:iag «ii til© g t # ^ «f i»©sife«i« ai^ €» tlie 
i ^ i » ^ iRp#-©i«» <#l®f®-r, i9?3l - 1 ^ l ^ lL** ^ff3t Kmte, tfrSf 
W^ t&QlAm,em. fwmi ^m mrmt ^'m hmm tmmM %# ^ ^i^iods 
» i r l^ ^ i t s psmmmm te 1 ^ «©s«»©tsmtiaB« C«fff#xi«*'WJy 
5 te 4 fig/t^ »3. i^tuH.) 1 ^ i t s .ii^#^eia-li.€»i vitli m M#b 
^rtm^&gmt^f of tlie mrmm mt m t^wmi mf Tmrnm M^S^Mr&m^'^M 
«l»e*j?^l^$#f»M® C^tsniiiir aa^ fiO.* ff74| Wtet t i | ^ » , Iff?) 
mmi iM&XmiAmi &f ptmmm 1 ^ ftmt Wm mw$M^ %t m^mXm v i tk 
iBiai^it ^m^^ %© M#K«ir» {Feallk H . A*» t^TSi Mmte f,| ^^. 
fffS). 
iaoiatioB of S-ilP mm "9917 tl«« iioitflaniiiSt ttlttiNiratii sal 
^ ^ t l in* (tf75) eeoli not eeiq^lfitsXy discdels^ 
fiJi^A eompl^M ^ i»ii3ig 8«1 f i l t x A t l ^ at le» i snie 
0tf«igtli» i^io^ irm* 8iiffi^«&t •fi^ Qgli to 1ir»«]r thft WUM 
sad 0«aa (1978) bKi» leidAt^tf S-®1F tTom go^i, »#T«i vsiag 
ZiiAB«>o»Xiid.««« ^reiifti9fn|p&f t&lXemii hj pf«9ai%tiV9 
jpoly&ezyXaiSidc dlae g«l ftlttetrdpl^TAeis* fli» ratio of 
al»«03!4iiaio»fi at 2 ^ as end 730 ma (A2S0/4j550)» vhiefe ahoalA 
bo Bi^ ur iHtity far a {RKTO BBI^  jpi^ j^ aratiOBf vaa ro|M»rt^ i» 
) ^ 2J03> iwk KM loolato^ ttmt goat mr&m {StookriBhsa aatf 
€a»«» 1978). flM iiffleaXt^F in 4i«0ociatifif goat BMf^x 
ooi^ Xdx «m proparatiifiF pel^mmrflmd&B goX aXftotroplioi^ato* 
xvvaXtixis; in pOQr xveovoxy of IBP and £4 vas aXso foXt \t!f 
la ^ « pvoaoat imroatigatioett »» onrieliod I1P«^4 
eoa^Xox naa iooXatod f r<Mk io»t oaraai maiag I^IlB-'eoXXiaooo 
i»9lwmm th» Qii^ -ooXXiiXooe e^ t^oMsi <^kx'oaatOiraf^ of gi»tt 
v&oXo mvmt io ahoim i s ftg^ 10 • fiio fXttoirooeoBt (bXi8» 
g i o ^ fLtsoroBQOBoo) ^ l i ^ ifosfo o%talft«d* flio p^lsmerylmKiAm 
diae g«X oXootf^hOfvaia (P<A@i) of po(a«4 fXitoroaooaw 
fraetiona aJ»o«oa tbo I^OOOBOO of ^3P (aa i^aatifioi ^ 
FfMlti9B tAw& 
19& la 
t o mSL 
4? te «7 
1 ^ «^»r 9wpitTiMmt^^ f e t a l i s «Ft ^ ¥ « s t2Bi«r 













































































) 3 0 N 3 D S 3 a o n i d 
Ths moomd s tep mmm t o <$isiioolato ^ ^ - f A ecxaplex 
i lalyslQg i t a^^ftiast low ImtQ mtjmsa^ @^ l-c^ r jjlf aeotat* 
I t was ob8«rire^ that tfat r«5Be»l iwsie «t i«i igtb , low pB 
©f the %iiffey ami iite:je«a3«4 t lwi «f d t a ly i^ s i««*slt#a te 
^ t t t r ^iBseclatl im ©f HBP-^4 e««|^lez« flia (B-I^^adax 
cfjliMBR e^reiaicjt irap^ of pooled f tmet l^ is frtm Bl^-colluliMO 
eolasii gm-m tiro fl^aoi^osKsont |»ialrt» mm a siiS;Or mm %t earl;^ 
p®Tlo f^» of t lwt lon a«^ 0B« i ^ o r j^ak a t Ift tor poriods ©f 
olmtion (?i'?5« 1t)» fh« Pi0® of w^or fl«or«soeiit poidt ahoiMid 
•©IS pr©«se?»«© of tino®Bpl«iE«d SW, aLteitdttt pr«allm.i^n aM 
flolmlir! b!m«1® (^ ig . 15C), Aife© £ 1 a l * (1977) hn» a l so 
rt|»or^-!S tb9 proswfsfot of tvo flia.©r©«c»st peaks i s th« «ltiti<» 
p rof i l e frow (^-€?#p!i8*?«jr CO1«:PB I B cate of cMokwi oei^sr EBP. 
Bi^ t ire ofe0srf»^ a i^gllrifelo asioaitt of fltief«eet««i lo the 
fire** p<73ak (^ ip . t t ) # ftras, thtmeo of lo» pH Wffmr aa^ s l igh t 
» o i i f i e a t i 0 8 in ©ImtiM co«<!l%i<Me pxamstad tli« loeo of KB? 
pemdbly Itf giviJ3^ iMitter d l s a o d a t i t a i ef RBF-PA e^i^lox* 
Ija tbe tblriS »»! t&o l a a t s t ap «ii.««fii^l#a50i .ill* «ra« 
«#parat©<S frcs*. reataittiBg F.BP-»P4 ©oaiplojt a»dl ©tfeer M^h 
aolecsilar m^ieh% j>rpt&inm fey i^i'MMkt^^i^liy <m BmphaAmt §«f0O 
eoliofflB, fwt* fltioro®o®nt peak® WOTO o l t t^d fircw Sophailox §*10D 
mm tmm-mMMsm mmm 
Frmstitm de t » f 0 KI 
Sl^tiim •» IitxiAar gi^ioat »f MaiOi (0*0 X 
t« 0«4 M) in B0iit» tevtftt* ^mit^r 
0*05 !!, ] ^ 5 ^ 6 
ft9^e^mm peel.«a • 72 to 8f 
(O O) 
UUU08S I V 30NVgdOS8V 
O 
in 








































































O o o o 
) 3 D N 3 0 S 3 a o n i d 
mlMm^ (F tg , 12) , BiMlmr t s t ¥ » t r^per l ta tij A ^ i l J i * C l f f D t 
«iitf ^|jmi«fearj ( I f S l ) i n case ©f eMel?®ii ®«n» H I * , fh® t A f i « f 
m!i<li»s©iAitt»i i l f - F 4 oe«^l#i: sm$ itl lHiii ia C f l g . 15®)* Bar 
fey Sreifkfieli im ©i»i &mm. < t 9 ? f ) , 
fl!« «ol«e^ilar wel#s,t o f t b t pmrltl-tit SI? was 20,420 imXti 
Cf%f. f l ) . I t was. eosparablt t® otli^T p?.rifi@a 51P« (81©iP«-r, 
trr3i "?>oa»«i, tf74, if?6, nmt A^ ® t i i i . t t^rri 3Mtb aai 
t©#a«sB, t f 7 9 i StiN£krirites, mafl Camm-# !S7S| Chaaafears, I S ^ t ) . 
si^^^tr0phQtom^-%mw ifJLg. 15) • I t «a« €tbaum©t#xletie ©f 
ifci^ p i r i i * l#* l i^l*' i««» i l ®ii©i*M tire p®«iE» ®f tfe© 8^i« 
SHSigiiititia n i t k mskxlmk m% 2BQ mm. m^ 53D wm* f M r a t i o @f 
2iKJ B»/530 jaa itit® naAty Ci«i i . 1»0f) uliiefc, jy^ i©ai»« t i l 
» -^ i i ^» i«^ t«Tr i3f biafi lag ®f S-4iBr Mti mf-iml l i £ i®3 ^ 
tte® oa«iflima tfe® i w r t t f of ttee fi»€^par»ti<fe. fte.# i m i t j o f 
ya t i o of 280- tm/j"^ mm h%& fetes r»p©rt#« 1« «a®t ©f p w r i f i M 
ElPe fnm Qthmr ^,#M,#« CMiat© i l l A * » 19T5t 4 ^ i l | l l » » t9?5f 
BMip2» irelmm * 5 wl 
CeHvam s lat - 70 x 2»0 CK 
Heir mt« • 19 wH/hmst 
F»ietloit «i«e • 4 BI 
Slution "^ 0.02 M f i^»ejpb*te \mffer« pB 7*4 
FraetidB* pooled • ^ «» 41 
Qii otiMr •xp«riimi^il detai ls i»<« gl<9«a «»a«r 
*ltottri«2« and iS«thods* atetieB 1& tUm^^r XI* 
( ) 
UIJU082 I V 3 0 N V g y O S 9 V 
q 
IT) 




































































( O O ) 3 0 N 3 D S 3 d O n i J 
fmtAmJUMi!)& ©ISC mit ¥mw3&nm OF mm wmmtm 4f 
•ARIO^ Sfgfa OF FUElFICAnCai 
Il»»ti»»»w»i« VMi See* wi AvMri^ ^^ 1^ fiftvls <t964)* 
9t»9tr9i^»ftABm For |«ilfi«d Hei' pr»9«xmti« mmt $0 «« 
sfO^ta vMi «f{ill«4« O-^ Nii* s t a l l s «IF« gL'^ma imSor 
^Nitoyiitls aal ll«tlioi»* metttm 1ft ti^iitor I I . 





l^ioaphut* Wffi»r 0«<^ !l« -pU 7*4* eeataiiiii^ 0*f If SftCI* 
SM^1« •elxoM •* 4 si. 
Celmm ftise • 70 jt 2*0 em 
flMm Tm%m - 17 vl/hmLT 
lltrHQn * 0*02 tt |^»|Ni«» taiff^r* fS 7*4 
Void <volua» (T«) of iSm eolamtk mmm A9^immim9d %y ^miag 
«lfa9«9tf7P«iiifl!g»» 4» owa^uiia* V«viJ»t svTva «2.lw»lii sua 
Ifflutiit vol^ iBo eofxvipeisdijig t@ tto e»8««r of "ibt 
pook ^ Alutoa ^rotoia C%) na^ dMi^twlitoi ms& m f l o t 
















4.5 5.0 5.5 6. 
LOG M - ^ 
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OF PURIFIED GOAT S-RBP 
0 .50 
0.25 — 
2 5 0 3 0 0 3 5 0 
WAVE LENGTH 
1 y V 
fh6 parity et UW wa» ftor^er «»mflwm& ^w <3l«aW« 
iMmme&ittamUm. <Pig» f6) ^ai iBBirai«»l#eti^l^f««i« (Flf. 17) 
uidi^ n ^ b i t aatiaenia* raised agedUi^t tlit proteifiCs} of 
th» la te pe j ^ . A «liigle pr^e l f l t in IIHA msd a s l i^ l* 
pmdLpitin Skret w»x« ^tal l ied w&pectivsilyt tmAi&skttxm tlw 
pf*«Riie» of i»i«^Qifligi<»aX7 t^Mi%ttiio»s pxot«^* fim tmtUmram 
prmi^aNtd in r@.1^ t»lt vae Mmetpaeifie 81II«N», eii^» i^redLpitta 
1189 in dmible laniBeM^AlffUi^ oa {fl«« t£) «B4 & slsgle a r ^ te 
iK^»aoelf»etr<9pi)i9z«@i8 (Fig* f7) iHif« ^titiii«« f©r irfeol© g«at 
stTnai* the elAra«1»iiristi@i of fOftt IfiF i«dlat«d ^ th is 
pro^t^wp» 90^ oon^mn^l* td thorn of gomt HBF r»p9rl»d hj 
• a r l i e r ^oirl^re aisi aide of EBP« ieolatod fr<» diff«n»mt 
anlBftl ®p@ei90 (#90dsi^» 1974} A^ £ | ^ • y I977t 3f«^crlBln» «»id 
^am^ 191^* iap»«krl®feBMi fj, a i« t 1978). 
7!« TOmiltB iimmemmtTmte thmt tii« SST^B EBF isolat«d In 
th is wmaer ts in p«iz« or I^ Emdgei^ cme fOi»* ^l» t}&p»« step 
n»l2io€ «®©fi in tli« picwiKust ©toiy for tkm iaolatiffls of RBP 
fron ^€^t blM^d 6#niii ia rery f^mpl»t •^^ tlair oossttadsf and 
iFtf^ reprc^Ti^fel* audi i t ioos »ot iwod a i^ proiroqiiiid1«a. I t 
m».y he yA,&elj ^ i^l icablo. 
fli« ofe|«etiv« of ^l ie staiy vaa to f t r a t inpro^wi ^ » 
lovttls of vltaaiiB A as a»a«3»i«4 l»y s«iun RBF lovels i a INith 
oonis ma Bilk of goato an^ soeoitdlir to o^atftis tMa level 
for longer pex^ods* 
tmem mrnmmfwosjon msAi OF SQ&T mom sMwrn &m> mmm 
mnnoh %imxm mmnm 
tf«ll A » fttilfIe4 gent mmnm tattm^ Me^iiif 
AmSiSmmmJLii 
protela* 
Well 5 * Qmkt wim'iM mvmm 

J 03 
Iv-v^ls were frefeaaaiy i»«i*mia®4 at 12 li@ttf« iifl«r tfe» 
tffl S ^ wa® alNnit ta f#r ©e»t im 8 i ^ l « wissiim i©»lf^ ^ l i sboet 
ff f»f mnt la »pl i t ^oaiac ft M§mfm «ft«F ^ # t r t ^ twa t* 
fb(H«af1i®r,, i s mm ©t Wfe»aiw i#®i!if ®€li^til®, l l f X«wl« 
Cflii, 18) M« tli«a ««atB mm lii^©«i^ im mmm Mf e^mtssit 
«».« »©t®i mf t© ttis i ^ wteieli «j@m t ^ c ^ i i ^ te iNiip^ 'r«3.m« 
©imt#iiit» wfel^ li;^ fl«^lt«»i at M Im^rm af1»r tlie t t^a te^ i t t 
again inmmmm^ m 2»i i ^ af t#r tlit tfeafestat |i®rt©a and 
Ifeia Sscraaasa i a fil^ 1«IF®1« was ©aslsaiM^ im «#f^ai ©f gaal^ 
m&rim4 d««sl4Mag aiia i«ai^iei M t a i vatoaa in aaiwii (Fif. 18). 
« ^ i i i6 i«a» ifi tlia l l F e<3Rt®ata a t ttarlr fa t to ia 
Ci«a. «r**e 2 iaya) i^ia X&mw i a ^ e a af .^agla »aa@i^ 
d©»iag »€i^diil# ass aa^a ra i %® %hm split iaidiif «<^#diala. 
wfmcf Of AMiwisftAfics 0? Tmfimmi^ mrti^ii 4 m 
BM^m «np mwrns OF i»i^4fmi tOAi^ 
fta»tftt*)« vlt l l» o^iftr trfxtf « « • gif9» a%<rT« taamair* 699m 
9$^t lftt«f i^ ensr « H | 8 ^ ii itw* for fcegiir «en«»fmtit«i ds^** 
fh» blood s8M^lo« wnw «»oll#ot«# at Siffliitifit poriodo. 
^ « d«tftiXe «T# fiinm i»a«r * ! la^ r ia ls i ^ Hotftods* 
















CO _ 0) N ID 










Xt eftn be explaii^^ en ^i» li^ets tiiftt ammnt of vitaaiii k 
^tmk in s p l i t dQ»im ftefeed^l* i^s aluo l&mr i^sm tM 
mmmt giimfi in «iiigi« memoirs d4>«iBg «#Midizl«* 
Sairl4#r ^f^tk&rm tm'wi i«pdrt«5 ^fcat adn^Bisti^tloiK of 
vit8«Ua 4 to t!i« atiisal oitiivr oral ly C ^ ^ si A»* 1^7^ I 
Kehilitl ^ Slowr^ 1974f Potor^ow fiiMb*» ^5?^I Cli«a<!laiiy, 
IfBI) or ljati«Twa€m8lr aa ol^l^€eroa8 CSidtls £ i i l « » t97?) 
Ijiereaeed rt^uce^ l®fel© of RBf' £» t ^ fla©»a» fii© roloaiw 
of HB? v^d not b loc^a by tlio litMMtors of f»rot«tii i^tlte^Lo, 
tMt&atim tti4st i t emmn from th« prmt&nmi. pool of BM 
i» t}m 1SV9T Tatijor tfe«e frem ^B A ^ n&fp flgmtlioide 
(!%t©ti J[^*t ^972| aiai«i sia2.»» 1^3» f98G). 
Ube pattoxia of ®ilJc KBF l«ip&l0 a t «iff»r«iit poriei© 
aftor vltaaiB A a5idtei8tsnfiti«i to g ^ t « i s etioi® ta Fig, i f , 
f i taoin A Mat»i0t3*«itiGii •ith<@r in m ein^flO' if»o«i¥@ doso or 
aaael'9« ioso s p l i t i«to ffmr e^nal €mmm iiioroas«ai BB? 
COS tes t s in tb© nlllr of goats , fhe "IBP coat^nto irscroased 
rapidly a t 12 hour* after t!i» twatiie^t m&& dfocliiiea 
aharfly i» easw of airyjlE? aassfl"^ ® ioslag oclasNJttla up to 
2 daya aft«jr the ti^at!»g«it aasa tfeorwaftar tbo deelizis la 
a t I t ^W cosateats iraia slow witb a sllgljt liior®a®« ta fM 
lovola m 5tfe an^ t«J 4ay* «fe tbs o t ^ r ha»d, ia apl i t 
doain^ aoltodiulo, tlm ijior@»i^ ia sdllt IB? lavol -vfta sua-^dstwl 
up.t& 5 ^ays a l l a r tb® tris^a'tefiSBt, I f tor 5tli ^ay, s i lk 'IBF 
ooatimta 9tarto<! docHaiag ^roi^ alovly aad ro^tshoS basal ^mlooo. 
V3V L5f!sLS o r t O l f S 
^m^te mmrm sliviil®^ ifttd' two grimes* ^m gro^p irawi -fi-fwa 
viiil* otlMn" gTeiiip m^ fl-vi^ afe«ir# wftn^ i^Bt &om upll t i s to 
•fomjL dCMMis fdf fcRir e«iM9««at$v« dafs« 9 ^ milk 

















( i p / ^ ^ ) day >iniiAi 
0 
tb i p9&k iiiar«&«« i& s i l l : SBf was alKmt 16 per iis^t i« 
single p^^^.'e® el(>«iag adb«d.ml« and i^bnat 10 |Nir mn% im 
sp l i t 4osiag s<^#(3ul® a t t2 hi3iii<» aflNir the treataoKBt. 
atanai. aai^ . ti^lk i t ,ff,r4gB8 i f r l f ^ t 
¥o emtirm farther the dVfHirvatimis iftde im th# 
prew^lag ®ir|i«rla©.i*fc «»a pr#@»mted i s fige* 18 a»i 19» tbe 
eeeretioa ©f HSI* bmmi nR--Titaad.B ^ ra5i©actlTlty at "wrieoa 
P»T±OAB aftor the eold -TitsMa 4 and ^--vltacBla 4 i80t<«pa 
aittinlstratloii tfaa atudtied msA tim temlta ar« slioiRt in 
j^g« . ^ ajig 21 • In «guM of sis^gle sasaiira ^o^ag eeliad^a 
of cold tdtasdn A with ^B-^taadn 4» aaet of the SM liotiai 
%-KltaaiB a radloaetivity was aaero^ed :LB mnm (fig* 20) 
i a early periods !•©• apto 2 daye. ^OOTOtioa vss also 
o^aar?®d at B©v®ral lat®r period a with a siaxiisik on 6tb any 
af ter the troataant* la oaae of s p l i t <loaia« ai&edml© of 
sold vltamia ^, th^ mer^tim. of icSi' aa®o«iate4 'iMwstivity 
0eeixir@<! uptQ 5 dastm »itli wisiaua on ^nd &M 4th i&y aftez* 
treatsi<?nt» 
th» %-Kita»i2t A a e t i i r l ^ hmm& to BBF UMI eoove^a 
I s «llk profoandly In early hmrm i*e, mpto 2 iaya ia oaeo 
of elngle »a«sive «lesiijg aof^dule (Fig. 2 f ) , Af^r this 
penod, aeeretloii also oooax«€ a t l a t e r perio<!« with 
saieiaum (m 6th d$kf, Brnmrnrp i a oaoe of s p l i t ^omimg 
si0 f^iOM or RIP mtjm '^m^nfmrn A ummAmtvin in smm 
OF mkfQ AT dtfmmm m-imB AFfsi nfrnm A AmiiisTiAfios 
eiiiirl^ itaseive does &T MMH^^ dose e^lit iBte fmtr mqmX 
a08«itt on t ^ memtHm, of ^«<^t«Mdit 4 aoti^t^r hmmii to 






























l ^ / ( d a i d u j n j a s _ H ) HdQ 
e 
s*er«ti(m of ^M^taeia A mttvitf hmmSi i© aABc KB? of 
sm& ll»tlH>dia* iw-oMoEt IJB i^ Nijp'lor XI* 
3 5 0 0 I -
3 0 0 0 -
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0 0 0 
5 0 0 -
2 4 6 8 10 12 14 
D A Y S 
108 
TiMiiMi f««^ltii lim^' tliat Sl^tidrf vitaaiii k i s sobllleed 
1^ «o» l iver to irer^B ffiid fi-^ on e#r»« to ii^Sr &« e«Bi»l9i«€ vitft 
BBP, Httsjlte alss? «!!©» tfcat mtm^tl'm &t 11^ l>o«»ft %-Tlt«as4a 4 
i^t^iosetl'rltT ^etmra iR B«T«T%1 plia»«». fhltt mty %« •3tpl%i8«<l 
«m the Ibawi® tht9-% l*i«ir« are w&m thao ««» liCKly poels of 
litaaiiB it «J<^  <fiff»f«st pools Itsv® ^iff*if#iit ta raowr ratos* 
fania aaid Staiffls ( t f l^) hmv& sis^oatod a two-pool a^stom, 
flito a Twlstiiwlj atat»l« at«rag« pool of mn^ogemme ^ t a n i a A 
aM tba swcHjnd a ®OT® labi la pool of mmXj domtA eoia vitaRla 4« 
Tl»y ha-f© ©feown a l i ^ tia« ®f 6-? days for ccsBploto ndxltig 
ol^  tba pools. C^  tlie ©tbor hi«^# ^ndaroima (t9T?) i«portei 
a tlianMMPOol «yst«», a imf^^lf po t abo l i i ^ f«Kilf a iwwro 
•ta^l« 3jr)dlog«iii<m8 pool aiK3 as oaeti'a-lioimtio pool. Ho aotiA 
a lag tiiB» of ai^out S dagra for wixtsg of iMvly aiSaiiiiBtoivA 
vitaadii A with tbo ©i^ o§«iio«t« fOOl* In f983, Ifeat anfl 
ImxsiT^T ha f^s a lso we^^ated tfaa praaoBoe of aoo^ foola of 
vltmSM A i« iHit liifor with a lag timm of lO^out 7 4a^» for 
^ « mixLm of Bowljf- aosa€ vltia^la 4 with ©adoioa^a etafelo t»«^« 
i[]D 
fSsm eff«dt of aijRtiiistT^ticm of l»#ti^«»>ot«^ 
Ca provit^ed.11 A) • i tber in n ^i igle IM^^IIPO dooo or ««08i*«« 
ioao i^Xit l» to f!i»Qr o^pftl S&w9im <m aenm IBF e^iat«»to io 
shoiffi in fig* 22* ijiKi»iot»iitl<i& of o^ei^vo d o ^ of 1»otft» 
^urott^se «ii©od 8«it» SBP l«ir«3.s TO»eMag a peak T S I ^ 
(ft^oat 23 V*^ }" eofit tsoroauio tk&t of %asftl v^aX o^) ot 12 hmm 
24 liowrs oftur tli« tjpoatooa^ m-^ rmme^sM baool irmlm X^mlo 
%y 12til daf (Fi^. 22) . 4^yL»l»traiti«ai of the KOSSIVO amoi^t 
of tet»<«arotoiie l a tf l i t &&«li^ oolw^ao aleo i»ex«a8»4 
rnvvm mi ImmXm 12 hmr9 »ft#r tJio ti<ta%i»Bt, ftm f09k 
xtm a t tfele period imm aboot 14 p«r ooot. Aftor 12 l«mi-o 
mmn BBP coBteato defined follovod Igp an inoivaoo en 
led day v^cJt c i m M ^ ^ «pto 41^ i&w anS t ^ f o a f t o r tlit 
levels of mmm EB? teac^ie^ ^ o a l valoe hy lOtli «ay. 
?toe offset ©f oi^^tweiitatiiai wltfe ^ ta-^arotono on 
aillr IB? l e w l e at tiffOTOi&t periods of ^ a t o i s dopiotoA 
in Wtgm 23• Single BRasiTe dleao of ^t»»oaroteiie iaoroaaoi 
Cafeout 16 per oent) tdlk HBJ» l e w l o 12 feoara af ter the 
ti«atffi#iit. ftMi BJ^ le-vela Aeereaoe^ thereafter slowly 
and reached b a « a valxse by I4tfe day* l^we-vert t» «i»» of 
s p l i t doMag ©efee^lo tte inoreaoe in a i lk MM oeotent im» 
iFFscf OF AsmmismAfim or mtA'^cMomm {^mnfmw A) 
OS mnm BSP mwis of hMnhnim sOAfs 
^ a g l e Mk«0iv« dose of tetft*«ttr«t*a«» vMl* o ^ « r giwap vms 
givwa alitftni msai've ayBMi«»t8 i a tmkT • f sa l flfdita for four 
dlffiirwBt p«flofi«» fhe <l«taila ar« ulvta «iid«r *ll«t«rlal» 




















- ^ J -
— (\J 
CO — O) N ID 
f^ CO CO (\j (Sj 
( i p / s ^ ) dab iNnb3S 
SFfief OF AmiMistitAticw Of ism-euiOfsis (faofitAimf A) 
teats T/mre divid«^ lato tm gtrnkpim Oa» gf«up warn glinm 
mixm^ sMMi'8if« €«mm e€ l»«p|ii«eaj<6t<aHi» irM2.« ©tNn* grmi^ v«« 
«a« Sl^ H^ a afe«iV9 wam&iym i#fl« eplit late f«ur m^mX ^oma 









( i p / B u L j ) d a y >i" i i iN 
i l l ! 
EBJP l«Y«Ie r»ft#e«t ¥ii8ftl rmlxM (?l«* 25}* Tlw p»«k iMStmmm 
IB aillc R^ ia tbis »dl*«eliiifii>i^oet 9 ptr emit at 12 Ibenftt 
«ft9r ^ » tT»a-bMatf*rl«d* fli*«« r««iilt« «r« e o i ^ f ^ l * t« 
t ^ e * e^Rttrvtd in emm of px«fOT«Ni TltaidLB A a4«toi«ts«ti«ii 
to c^Ats i&»(! §d^m %h^t jpTttiltflKis A i»3*otftiioidft e«a • f f tct i iwlj 
%• WM^  f)»r mwkam^m «&!% vittui^ii A lewlft , BiMm %W ! • 
•1^«^ne tor y«ti]i«i.» t3wr»for« tlit «»«8iif«w»at «f RBF ia 
e«na aad aille alioir ^t«t %«tft*«iarot«M i« •ff^etivaly elmm^m^ 
iQr g;Mit* Z» Mifua tmi wsilk of gimt» BO %ota»ofti«t«M !»«• b««a 
iotoetti (a9}ft!iM« 1985)* ^ ^ i goats aj^ pftmr "to ^ an offlelMit 
eoiif«rlor of ^t»»fi»]fo^nMi to Titasda A* 
8'-ape«tetaf»«u«t@xiaX» nMcl^  ia pro^noed duilBi; 
torviaal oxidatl^ Q® eXmmm^ af tetaf»ett2rt»toao» inezaaati 
ooroa 1 ^ loip<®X« la goats gt'nm. mtn^r ta a alagla aaoBlva 
diMO or aasffl'vo <§ooo i ^ i t into l^mr ofoiO. doooo ( l ^ * 24)* 
In oa«9 of siaglo aaaeivo doaiag at^yodisla, tha OOTWI ££F 
lo'telfi mta^mA a pooir inexaaaa (alNnit 24 p»r aaat) 24 lioor 
afi^r tl^ tToatnmt ai^ %hm i t 4l«<^Bft4l alovly aad tmmt^oA 
hmtmX -mSxtm Xoirols lij tOtli i i ^ (1^« 24) • ^ t%a o^ter laad* 
I i i» vitania A atai liata->e«rot^ma, in n^lit i«ttiag iNsiiadNala 
of 3*<-a^ o^*lbata«>efiro-|imaIt tlio MRK&ltollo of tlio laoiaaao wm 
Xovar mpto 2 da9« ^aa -^at o^ aampatf ia aiagla asasiiw dooias 
IFflCf Of AMIilSfBA'aOl Of S'-l tKM^m-KmilOfllAL 01 
SIRW HBP mtBlS OF LACTAfUiS 0OAfS 
olii^r ^r9up mm 0.mn mhmm mrn^r^ id»» i ^ I l t :tet© f«mr 
4 ^ a l d«»«e for fouir ecmneeu'H'rt dsgm* fim blood' aaa^Iss 









(1P/6UJ) d g y iMnd3S 
X L X 
s@ii«d^«» fbs ^$k iaefeaee was alidst 15 p^r mnt a t 12 htxif 
af-tor tis® t i«a t»^«t . OR 2 I ^ day, a t i s s BKP It'Wl® wei« 
«ay aisg tl«iraaftftr 8BP laipole ^ a c l i ^ d slowly mM rea<^«i 
l^aaal valiwi leiwiks %r tOtfe «iir (ft^» 24) , 
insie INattam of «llir EB? iavals at dlffar»Bt |>«rloa« 
afttT S*««^»M»«t^ b-^sai*ot«aal ai:«iiil«t£mtl.im to goats» la 
altonsi IB f%. 25<« & t ^ ea«e of aiagla maaiire doa^U^ 
8ei»dtLle« id,13r i^^'f laveXa aheiNNl a profovtad iBoraaaa 
Citiioiit 12 par oajftt) 12 lioara a f ta r 'UMI tx«at»9at %3a& tbaraaftar 
tha ttlXk BIP levala slowly Saoliiia^* mm^nmr^ a l i^bt ly 
hX-^mr lavt la ot wdJM &dP tmt^s mi&^^^ixkmSt «^to Stii 4i^ 
fi^Lloaa^ %y a daiaraaaa wMc^ r^MelmA %«Mial •alsaa by 8 ^ Si^ 
(Fig. 25)• I« t N oaaa of aSaiBlatz^tiQis of 8*-«^Nj-^ta-
i^urotal in apXlt 
abottt 9 par eaist 
dioatSf tha paak inexaaaa in mlllr EB.P waa 
a t 12 hours parlod nMdbi Sacraaaell by 
24 hoarB ai^ theta a^aia iaarcniused aad th i s iaeraa^M p a r a l a l ^ 
t i l l 4th day -Afi^T tb« tf«At&i«at. after 4th da^, SIIIE Mf 
l®v®l0 etartecl. fl^oliaing imd r®ac)*jad ^ # a l Talwaa by 9 ^ 
day (H^« 25) af tar *ba t raa ta^a t . 
I 
fh«i» raail t® sfeov that I lka yat l i^ l aoetat® a^ai Iwta* 
^.Totam, dietary 8»-a#o-bat^-^i.rotaaal ia 9«|aally affaeti'va 
i s iaoiaasdn,*,' mrm m& lallk MS' (ittai^Ji A), f^ vitaMa 4 
a.«tlTrlly ©f 8*««p©-b«ta«-Ksa.r©t«isal Ima alraafty baaa afeowa by 
•Bwmcf OF AiMiKisfRATIOS <^ a*-AH>.^fif-c4i?ofiSg4i, car nux 
mB mmm of OOATB 
g.rm3^ 1^8 giv^ia al:^ €rtm m«iiiKS.T^  ^oi** sp l i t iml33 feor <3oi*» 
for fmar e^Eiwottiiptt i ^ e * f l^ sdlk «aiatl«s if«2*» eol3.ee%«d 
a t iiiffmTfmt periodic* Tl»i de ta i l* are ciirara wsAmr 
*Mat«rlaX£ and il*tIiod«* amiti<a» in ciia|>iffr XI. 



















































{ I P / 6 L U ) d a d >^^llAJ 
-i » 
fi«^«i. 9% ml*9 i%2t aMMRi as« Farrielit 196S| Slisirffla, 1975). 
&f TwAiwk mX^tnr in a sLiigle i^ ayieslii* 6fmB &r mmmmirm d^Mw s p l i t 
into fmxT m^mX iQmtmp tneemMum^ mnm^ WS^ l«-v«Xii of leoats 
(Fig, 26) . tn mae ef iMM«£ir« 0mAm tmlm&MXe t\m i^ Mtir iitei«a«i 
i a m^-mm IBP «aai a ^ o t 24 i>«r «»»* 12 1»Q«I« af t«r tfet tTaa^Mmt 
( f i ^ . 26)* kf^«T tMm fmrloA mmimm MM? -mmlsmm^B w^art^A 
^mm^^sMii^ T^t^lf B^te Saa ^ay aa* tlwraaftar ^acUiia was al^ir 
with a s l l ^ * i«©i«a»« ia eervm iSP lamO. ©ti 5 ^ *i^* Aftar 
tMa pari ad y 9Bf aeataata vara ia4»?aa.0ai. ai»i :paa^iai ^mmA 
r»X^m la^aXa fey 9tfe iay (JI41, 26) • 
On %Be otly^r teai, if», ap l i t <lo«l.iig ««!ia^iiXat tfea paalk 
iaertafie In j5s#rw» Ri? l«i»«l tri^ mhmit f? p©y fs«iit t2 htmrm 
aftar tlia t3?aa1»iaat. fha pmr^mtmnw *« tlia iaei^aaad 
MMV lemln nmM l»a a%aarv»<l frmi f i r s t «ay to fOwrtlt «ay. 
On 5 ^ ««^ a f ^ r t faa taae t , »9imm ^W lairala ytei^tad aaoliai i^ 
•yitvfUy &g^ i«ac^a5 ^msl rmXim X*v9ltt fey 9th Aay C?if. ?6) , 
fha effeots of adMaletyi*tiQo of oaroteaeia iaolataa 
trtm raAlsh laairasyOi^ar i a a sixigJa isasaiira dosHi or saasiva 
&om ap l i t iisto fmr afiaal doaas* <m lailfc IBP c ^ t a a t s a t 
41ffaT©nt pm-to^B^ &m skmm i » Fig. 2? . f^ p^&k iao3«aaa 
mw4 u 
iFfscf oj ADiii»i3ff;Anoi? or wxintm^ A CAKOfsioiBs OH 
^oatfi \m'm dlTiS^d. iiste two gftmps. ~^# ifoup lA&e giirfia 
^HgXo iHi,88lir@ iG»e of i^ronltsffiis A earet#a#ids isolated ff^i 
gwortm le&voe df i^ydieh, wlsil^ @^)«r sro»|> ims gi'ven 3tbov« 
wmsmtre doee ^ l i t into four efnai Soses for fmir 
^^NBatetrtir^ d^«« f!»& Mood ^lapl^e «<ere ooUootod at 











(1P/6UJ) dad i^nbi3S 
dofttc « • » ^Tid«d iiit» tvo g70i»]i^ «« Qa0 grouts was git ta 
frott f »«a X«mv»« of M l i ^ t «iiil« O^WT gx^s; mui gitnm 







( I P / 6 U J ) d g y y^im 
i » MJUr H ^ ^^e &%m.t t l f t r e«»t in. single 8»89iiF» d d ^ M 
fsr ie i . a f t i i r t M ti«atiiittiit« At H 1Nm» f«rl@d, tlw laef«ftM 
In MUt 1 ^ «m» i ^ i« %m e t ^ i f t ia«'i^ir» i#S'ia$ • ^ ^ i i O t m» 
mMi^-m4 te »|iMt i.©i^iMi «^*^sl«# ^ t a i t t r 2 ia3r«> t l » 
iSttS9 9f &ptXt i@&is^ s«iif*iml« ^Eil^« 4 f ^ f t M f i f#r i©it. m i l t 
l l f i#<p@l« gwmitns^y 4kmfMm»& x«giur43,«8d #f t l i« i<Hii i^ »4 l^bti%l« 
t o m-^Af l i te t i e r ti i« ftiiti^^^^ ^^ ^^ W^ Timm i s 
tmt%^$S^m6. fm^ Imm'^r perieiSt ^a>«t«i^li@ inif# f^^ t& goat* i s 
f@ei> i^imf3.«<i #f MisMne i<iat»« 1 ^ • fUtets «f a i« l i i i« t i» t i«B 
6 f i^70ti^i>iS« in. ii»I.ti]p3.« Miinsiv® )i#idiit selHiiml®^^ mt mtmm 
ft^A BUlr I S ' -t^mtmmtm %t €%ttmwm% f«ir i^.8 i » f^ata ai« 
'^«ii» i j i f ig« tB* !%»«» s»iKlt» ^ « i i r ^ i* i ie»stfm'^ ^ s t t ^ 
• i i ^M«t i s t i «m # f MUi.^t« iKS^t. # f f ^ . i . ^ ^i i^t«»@ii« f i ^ 
fem^w mnmmk^^m. di^e i»^»«8(t^ %«tli ' ^« mwm m^ w^Vk Ri f 
SJTWIS i ^ ie^ p® i« i« t ^ mt f y # f < » ^ l y Mgh»r \9mt%M f9v l ^ i ^ i y 
l^7t^.« (Pi«, t« ) i , « . -ap-t© fitli i ^ a@ #«i^ ai*<»« t© «^Bigl» 
wBmi^'m er @^Iit €€^in« «€rlMi^ Kl« Ct||r«* ^^ ^^^ ^)* 
f ^ r©@alts i>¥t«i»«i i » tfci» i»»»» t t f» t l« i sSkmt t i f t t 
RS* a»«i.t*»i ' f i tMi iB 4 t f i is%©rt s^»t©», i ^ i i ^ ie A 
wfmm 0? mmnfM msmm msnu of wmmmm A ckWSMmtm 
m mmm mm 4Si> nim HBP mmm OF §^fi 
in t^^-^r ZX* 
Z 
UJ 

































( i p / s ^ ) d a d iAind3S 
m 
irarloisis (Sletary tmnTmn «f '?it«B£it 4» «#g» 'pvetmmmit -^Itaolm A, 
^wtwm»tn fr$» gMNm l««f!r Tftg«t&bl#«. fhsc stroe aai sillc 
BBSP l«if»Ia ean 'hm e«R«i^«x«^ it* id.%«nis 4 iiMI«]e of ta 
l]KMawdlfit«a (me i« -vvvsr inport&is^ in e t^ j iag viigaiiji A 
d^fidionejr ia4ii«»ll s«trlti«aBaI pro^low. Vmwnnem of «ueh 
^fpo of vltti^ii A ibi^acport af^ stofs (!••• WBf) hma »«rH«r 
boon ohoim ia «illE ligF oovtrttl %foi^ 3« (BKPt«»% «al !>i7i«B» 
In •aetlBg ^ « Yit9»sdii A i«qtt^ b<08ieate of intiviauftl, 
^» nm of fi^fdziioi vitapin A ocmreos Hire iiNiat» «i;g, leLIk, 
Xiiror* fioli oto* in^ r p^t ocKKsoeic ocnstfwias ptMrtleuXftrXgr 
mmot^ ths oodo^ocioaoalcally io^roesod jpO{RtX«ti(»i* 71» 
oi^timi ^boorptiOR an^ utillasfttloit of Siotory vftaslfi A lo 
^opftnioiit 9m. teoi attt?lti«8! vitit T»«f«ot to pi^toii^ «u^ fiit 
coBt«9te of th« 4l4#t. 1%ifor««iifit«l7, tht vftjori^ of tlio 
eMldi*»n of tliio p4qpi»3jiti(m i»*9 waA^rmmHtS^i, l^rofora* 
«l» teoio fooeUon 1» vtmi eltooli ^ tb« "boot «&? to ovipplj 
-vLtoidLa A to tin* ehll^irrai tfti^«^ft3*X7 of oooio-^oOBORloally 
do^ivoood pofuXatiooiT As otatod mhm^ timt tboro mot ^ 
aid04iiat# oimil&Hli^ of protein oed «it f^r wuriMi 
tttiUootioe of iimUiry TitoKLn A* I» thlo rospoot, «i33c 
oppooro to bo a good «^oi«i, boomoo i t io m nfeolosono fOoi. 
H^ 
iMMi't @^A#9« X't l,s a^  ^toiip#r iyftiiiaJL "fed fiif*@ M^Mi wA X##K 
»t7@»i.@as %« matatii.!} mmmmA..mkil^ t tmhtmrmijem ami. ifks««irii» 
SiAQs tla# i»ii@«ii^ t of fr<3^t@»lm 4 emr&tm^&iMm trim gvmm 
(litot i^i#fe, teimipt &rwi l^mimm «te»)t tlsim tM© e««lll: %« f t i 
f«atlJM»iy %# adtl^Wji^ f^st®' t o .iR«y®a®« tli# Titmirf,» A e«8its«i^ 
®f allk# HB® '»«» of mr®t«ta9ifi €!0:ii«9i«t».%»« far tfm fe^tttar 
wi,tfdtJl«m ef a l l i e d iml»»la i s ifcs©ai^i^ i|iiit« mmsmi im ear 
ff^fl^latetle n^aa^^ aijai«»t f l tasl i i A d^fii^i^oj WHang 
^ f i ^ t smp^&t #f tMs pip©e©«mif© i s t ^ t »iilil« iwtiayl fte»tftl»« 
*S¥tr®e «ffee%e im Isi i f l lhial (I?A€t S«|5iit»%, 1f?9, t ^ J f 
WW Mp&^, l ^ > . 
mBiuksblmLmMSlmSOmmJL 
IJ 
tbt mmmtXeCL r^U 0t mmm ftiM^ IHaiiag pn^iM (iKP) 
ei*zlfi«a Ciadtli aaa ^eodssa, 1979)« X» awamls «b« M0t 
jwtliirl •«t»r8 aad Ibctn^eMr t^eii* Cll9iNP»« 1957)* fit* mmsi 
origin of tiMiw o«i^«iiiid« in Mkttniftl KUk luui i^t Mtliorto 
boMi oelAblialnBi (Tftltl^ist msA lilMHai, 1979) • Fro^ooslj 
i t wmm them'^t that tlw tvttiMfiif of nitmiA A frev blood to 
mmmmtf slma& voo oeocaplii^ed hy m, poooifo iiff^oiOB of 
lipid oaeoeiatoa itef^ m vitaadJi A C^bol l i Jl2^ *» 19^)* 
Boooatly iaiSiroot oirld«iio» mm^miBA thmt «oi%» f^ti it^ Viaiiag 
psotoin wi« also iftTOlmH in i^ tnai^ort of titaviB 4 to 
vdXlt, at l«A«t ifi «Nwo and naiait^o (Bfomotatf r ot i^.» 19T5I 
iMafBist aaa SiloMR, 1979)* Tofal^ot aad ttloeon (1979) 
yo|Nirtod tliftt tb» ^metioMl s«to of ti^amfur wm about 
60 por eost Mc^ir for <«ita«i]i 4 hmemlt to 11^ %hsm for otiior 
for»o of j^Xaiam ytttmAn k» C^nofsoiitly* al»oixt 90 par o«it of 
tlio •itoKl^ A ^paaring ia «iiit i s noxvalljr dor i i^ from 
rotiiiol«tll> eoiq^ax (i*o« feolo^HF). fkam i t i s oidKont tbat 
fotiftol bi»ai][^ i^rotain i s tlis «aJor ^rrior of iritsKis 4 
to the mmmmry glmfi (Vidilfaist and mXssont 1979)* f^ 
glandhnlar t^talm of ^fitanis 4 frOK flSOTft SM tm wm^^pomta 
to iBTolw a sarfaoe rooopl^r m^iumtwm s lvi lar to that 
dosoribad for otkor «{»itliBllal t i s a ^ s CBasIr m^ Potorsttit 
1976? Mii^art $X ail** 1977t I s l l or , 1975)* Sfweitle rooaptors 
•-i ^ e 
for rttlBol 9m inr««eat 1B ^ rlosel frm^tim miA imira Umi 
tftste* mad utvTus (3ftii^«r rnd ( ^ t i l « t§7¥)* mOiMt l^ tng 
<Oiig and O^ytil, f974)« faiuMS X«»g C^^^^^x-fti lkL*» t9t5), 
1976), b«vin« rsMjuft (Saaxl a^ f^t«Tnaii, 197^1 Idm s i JbL*? 
1961), t^atis iMmt aBd C&iaii, 1979), oviduct mMptm of !t«»8 
(^» §X A*f ^976} H«o s i Al** 1979) t i«g l i w r Cldoi;^  s i lil*» 
1^1) •tc* S^ e«l^ «ilai*»f«tJLaeX bdling prGli«ie (C^ HBF) i s 
M^Oy i^peeific fior •ll*tf«ake-x*tlii0l (lailior ftl ai.»f 19?5» 
OB« a»l < ^ t i l , 1975)* £*tlasXdtili^«, rwtisioie aeld mwA tli* 
^t«v« of xvtiBol. fti« not %mmi to C«mp at a3I (Ong sj^ ^ . , 
1976). TMo C-Ulf iooe AOt oro8@ zwaot issitaiologleally 'vrlth 
«Btloo7« otalnet o«»w IBF (Baiii^r and Cbytll, 1975)* fimm 
CMtM 1« ]»robftl»l7 m diatiaet j^rotola aad set a imtatolito 
«f tho W9mm Klt^ Mo eaeh loeoiptor protola f w xotiool, 
tMwwor, lias \m«& idontlfiod so far in wmmmry glaad tiaatto. 
fttrtlior ttee aeohMilm of tra£»f»r of rotleol ("vi^ tRlB i^ ) 
aeroas tfee a^abrmift la a t l l l aot f&lXy lasiS i^ratei^  • fhorsfOro, 
la tte ]proa»et »-l»43r,3f«tl«oI xoeop^r vao td^tl f laa froM 
goat mammxy gXmeA mB& tim ImrOlioiicAt of tMa oeII«3.ar 
f*tlB03. roeoftor i^rotoia ia i^m n^tek* of irettnol fSroa 
M.oed -to wMnMursF glmm& wmm alae 8taaia#« 
1 1 >? 
9mf\m(k&m^ X«y*-«iti^2»ii» MsAef^rlanddv* t«t,S*«ii*-te%m» 
3*33 ttilllfm X*f*/g) «&• i^r®@iir<ti fits® lbffl»m-Z4ft ldeli»» 
411 9t1mT mm^mts wm^ wmim «f i»iii|rti«&3l gm&« mat 
J. i'::; 
{tmsk «3relt«mffe |f«3.e t » i ll»|}Md«st«) •mam 809^«i »e^ 
iaittll fi.#a»» m»i ^#fi hsmm^^^^ i^ ^ i ^ t o r Si lv ts W^W»T £S 
Cellular i&9%ttm tr&m Vm l^mm^mmu,^^ ir»t mmt^mA 1^ c ^ M r t l ^ i i ^ 
1Si« li@iH%#-Bftii» a t 20,000 x ^ f©r 15 Biwit«« a t 0«C in a S®f-»»1X 
f«^E4t«^3r«.t»* e«Bt-rllt^« (Moelol S ^ ^ ) . ffe* iPi^wsAtaiat was 
ttad iiir)iii-& *»ttt4pii\i^sd iit 20*000 X g for 15 adnut*® -t« 
O#0t H mit-im ake»fettM feiaffsr, f i 5«0 ^ a xmtl® ©f 1©t1 (•»/»). 
fli« ©eratftut© ir#pi »^Lyr«4 for ^ iaiii«it»ii a t 4®C, 1%© eoUnlewi 
Ffi 7.»t with t », Mii^ ft* 'Sh^m^mthmm-^mlfmfl flm©r4,«» In 
V?\^ 
•tluMoX va» t^MmA to « e«Be«fitx«tifiii of 10*^ to ^m f l l tmt* 
aAdvd to & fifisl eon^mtration of 6 x 10 II • the 80lttti<» 
v«» thou iBoe^Nitod ot ?»C for % iMuro to ootomto tfeo Mnditti 
lirotoitt* llio oolntioii if»e tlaom oetteoatxmtoA «3boat ttn-foli 
\>f uXtrofiXtirotiOB v o i ^ Ill<«>10 ttssbyoao i s «a A«ie<m ooooably. 
Jiffeiitl f^T^ fitliWm fftHmitffKraifcy* ^ ^ eoneoaty^toA oxtimot 
Mui aiaJijreod s^^iBot 0*05 ^ tri»-iK3. ImflNirt P^ 7#?« ^rataialiig 
©•2 H H«^, f^ 16 liouro at 4*0 with lOvtTttl dmnsoo of Imffor. 
flM aialyst4 4att7oet ««8 XooAoA oato a ool^na of Sopluidox 0-75 
(55 X 3*7 ^ ptvoqailibxmtod i s tlie wmtm \mtf9T* thm eXutioo 
l^ftitloii of ^ e l i lndi^ |i7«t«Ji» imm <otezsdjao4 ^ »»»siiriiit 1 ^ 
fXuorooeoQoo 9t la^reaBA lotiiiol with ^&m l»%-p of tgrpo*? optieol 
finoroeooRoo vsDiL% ottai^bod to o ^M^ fXmOTOoootieo Mnitor 
(ISCQ Idnoolo* liol»i««ira« I},S*A.)* Frftotions of 5 «il iioro 
eollootod at a flov rato of €0 WQL/TBUKLT* flio fraetieoo voro 
ai»titoz«d for ab«of%«iioo at t86 ii» in a tilfovd opttotFOpliotOttottr« 
tlM oolloIaT-a^ eoBtaiali^ fluorooo^at fraotloea (So* 44«*52 
ma& 62-81) «ox« poolod for fur^wr pazlfioatiMi, 
Tfeo IpoQiod fraotifiaa (135 wH) obtaii»HI fro» SopbaA«i $*75 
oeloai voro trooto« witk p]»»tt9^l»itlHMMt»lfoni|l fI«oxltfo aaS a l l * 
tritto*-x«tl]^L a« 4oo«aril»od in alioio otoi^ aad t ^ » e«ao«t!trato6 
'i 9 '-
J. i, 1 
«&l« t i« i Willi i i a l y « i ^ iisatnst 0.01 1 fri»»a<»%at« %mff«r» 
p i a.? f#r a4 feimrs at 4»C m i i ^ U « i f© fflAB-Sftffeadwji eol iHi 
©f Si^ JJ. (0.I) K t© G.t 1 ) . f f«e t t« i« %t %n w^ -mv e#iiftet*< 
• t 2iO t » * *%e' 0 o l ^ eimtalBtoi f i t idwt iMi t t f ^« t i08 f t 
4a«eiri%«i i^ »0r# iu»l ee»«a»ttmt*i. %# a%< t^ 5 i ^ % @l t i«* 
f t l t ra t i^Mi i s an Mml^m mXt msA ^mm, i ia l j r^ iS f®r t2 INmra 
• i^ l f iA t Q^m ^ fftm^m, ^ffmv^ p 7S a* 4»e. f l » «laly«a« 
aeSmtiim mm i ^ l i # i t© m ^ phadm. t-T5 e@l»i» iff x 2 . t c«> 
Fxaetims of 2*3 aa « • » oeHaetad at a flmt mta «f t? «i / te»7* 
Fyactlaiig imi« «©tiiti^r«d ffey fl«<»<»8«ait©a ©f jpr©t©is liimai 
f«»tiin^ ma mXm f»r a¥a©irl^a©» at 2S0 aa« f iaettone (^.49-5§) 
^o i r i^g fimaraaeaiiaii aai ^NMifl»iai©a a t a ^ wm wmm poalad aai 
• i '•,.. 
emiesstrated t e a lni«nm c i t a b l e T^vn*. 
( l i i ) ^ft^nHlifB «?f f t imi « ^ afe«orf tioR ef te twa ©f 
9«urin«d e«i3»lJBr-iiBF vas a«t#i«4R«« in 0*05 K t r i a - lC l buffer, 
pa t . f tey do«l>le ^asi i«©oraiag apeetTSplietowitar {Sehl«ai«a» 
MQ«a W-240). 
( I T ) ggi..,^^1?ltl?^ffrf#i> *^JJ® asalyt lca l pelyaerylMlda noa-SBS 
dlse ®0l «l^etr©fJi03r«8t® wa» p«rf©rM»<a Isy tfe® Bain a «»tho«l (1964) 
aa deaoril^d a a r l i s r I s *r*a%®riala and Methods* «»ctl<a of 
c^l»1»r I I , "S^ >>-D3-^ l ®leotroplior«ale was carrl«4 ewt 
a^oriJliig to i te ffl©th©<l of '^ alNir anel OebOHa (1969) • Prior to 
Btadjalag g«*ls ware «»ici»lfif«d uistJer tJ.T, llgjst fair fl^oraaoanea 
afetdlflc for r**tinol« 
aoltt^alar v#lg>it was detarmiiWKi fey Saphaiex &*75 ^ 1 filtara.tiea 
««MiOd (WhitaJpirt t ^ J ) , fh« »aric«r px^toiiiai tiaad woira 
€?yto€faro«c e , ovalbusii^* rLbcmacIaafm a ^ aXpha<H3hyi!iotxyp^n<^a» A. 
^•i) I JE#Mia» fil, ,iBM¥a<^^i„ll»ffllgfi1i«3yi^Jt3rar,lig* ^^ la antibody 
agais®t c®12Mla3P-«4BP w&# firaiMMpNt by tfea iwtfeod of ftan .aa^ S Cl^t l l 
( 1 ^ 9 ) . f© <ai® «*g of oaUulajT'^BlP la 0#S «1 of 0.05 M Tila-HCl 
baff»r» ipH 7 .5 , 600 ug ©f glijtaa^Mahyaa ia 0*2 s i of vatar vaa 
aiiad «rop-«fioa. U» misrtwre wea aXlowa^ to a tans for 12 b ^ r a 
a t 4*C, i*o I t #qual i«»:hiija of c^iplata ?ratxiid*8 ad|Qvatit aaa 
Bi3»4. aeij®is i8 |eotiaa« of 0*02 ml aa«^ »ai^ glvaa subaataatoaaXy 
a t aiffeTawt s l taa tm tii© back of «ibblt mA thra© tnjaetiatta 
«f 0*1 Ml. cacfe litf* iivtts ia%iPM^w«is3j»^ftt ^yiglh of Iliad 
ki%mt two iMi«lis« a 1»eoet«tr tn^mmtimi @t tht mmm VA« 
of <^>a;lt «eke test«a ^ Soiibl« immmoilLftmlma. 
'J Fxts^ goat wmmmxy iglmsi& fToe^roi trem 
Ipml slftnckttr licuat as i#»er i te i ««trll«y# was «ai#MMi& off 
%lm 'f^ €b«Tliig fmi is^ tu t ia to a»«ll iMMeal pioeMis* Sl» pi80»s 
wire tBoro^M.!- ^sifli^ ifltfe i^ i l l«4 0»9 f»y e«»t (w/v) oallso 
^* ^f^^afe* Slieos Of mamrnxf ttmmm wmm m^t id tit. tht 
help Of Bt^s^jf rl^&m e l io i r (Arllmjr 1* flioii«« * C^^, 0»S#A.), 
fhe ^^doldiiose of th» oliooo ITMI i^o^t 400 i»i. 
^« lUt f l lM i iS t .^ l 
3 w3i ff«sli. g ^ t ««3Fitii (M^sl Via«« Of iri^,»|.B, 4 » d.3 « i | ^ ) 
i s o. a^ S adL oi^ ii^ i^kl fiiuiir* Aftttr 4 mifimt«« of te«tp#?%tiito 
Ofcdli^imMon of Jf^ in o wm^^maAmOlw oMrrod i^ to r ^ot^. 
i?A 
©•I 1^1 6f % - y e t i w l mmtmU M&mtm^ l a f ffll mmm wm 
l a t l f f t i w B t i i «e^ tm^<a ia» !•«-• <5t *®t 25 ^ i 10© ag. f ^ 
si loes w«y© tt®a l»e«iMt#i 1R a i r P^MW at 1f»^ t » th« 
#«€* lae«Mtl<m ^ r l o i , t l » •r«metlm wm n%&m^ ^ » p i « 
efellltegt ^ l a » s i « » tli-^ gal«i3.F i ^ w ^ thwm tja»s wttfe 
k m^-tmhle aUtw©-! ©f tM f l t « i l » A «iiti«0t nmm t«l»R l a 
»iil®tillatl«8i f l a l . W,if« Hi ®f fealti!^ M«e« scistlXlstliai 
f lu l i im» a i i M t:© #sirti vi-al* 1 ^ -elrt® wmm %li«ii. Iwp* f©*" 
§-€ hmre Im i«i*k f©r li^s^.«ii«« ^uli ig m^ -etimt^d f©r 
'l»i^l©iietlvi%y i s a M i - ! ^ I«»tr€B ®^atlll&.tl©® eewmttr. 
#if»T^LiM in ia ik f#r |^ r©p»f »iEti»<itl«i. ®f flt^^Mi A, 
«(li MfilSwi' im# Tt»ixtf^#t«i with 10 i^iPi "pcAiiiKiti &f €iii@r&f©fiit 
i ^ ^a i i i a C2tf) ®lirli»« « ^ f l l t ® ! ^ , ^ » ^ l t f » ^ ® »«i« 
I fill 11 w&e sT^^p i i %f iliis#i'«l.^ 4 g 
t#lmi»# liBi tli@ rmlwm wsm maMit apt® 
125 
4^out 0*5 g isftSBii^ glao^ al iofts w«r« snisp^i^di i n 3 «X 
ssTiia Cl)&®al -val\%« o f v i t imda A « 0*5 mgAd.) i n a. 25 ad 
At 57*C i n a BMimitt 0»2 «Ci o f j8-««t l i ty l fte«%at« to 1 «1 
mTum vae a^d#4 to thm im&ahmti.<sm 8MiiiiiE»* 7%HI e€L4 r » t i a e l 
«WB also added i » dt l i^areat o@«<»»t3mticiBa £••« 0» lOt saA 
25 «€• ?li@ i i l lo»8 w#x« titan i n e n t e l v i I s a i r phmm a t 37*C 
lA e^Aiker f e r 5* tSt ^ »^ €0 nisi* 4 t t M and o f ^ i i ^ 
iBcmbatiim pe r i od , Hia r«ae'U.<»i ima at^^p«d hy raipM ^ i l X l i i f » 
s l ioea ware ^iei:X3r imai^d tb i«a t iwas i ^ ^ dadlla# eal i i ia 
sm^ MmmK^mimA in 0.01 M f i r t® * i e i l ^ f f a r * p i ?• 5 l a a Belytroa 
l i^ i i f i^^fdi^r a)@^  tiMiB e«atrlfuga<l a t 13»C00 l .PJR. fo r 20 sdn^tas 
l a pafr lgarsted oantrlftaga iiiQrmllt H,C-6i) f o r cirt#aol 
4 »ait»fel« a21^®% o f a^oipt «§rt^oi»l waa i»e» i i ^ rae ip i tA ta4 
i f l t h atanelar^i^aa Toltai^ o f ostiaaxm rsdmt^ agaisst e a l l t i l a r -
BBB \^ ineKfeatiag tfea M x t u r a o f osftoaol &M aEt i -C*?i»-8af* 
a t 7*0 foy 4® feoara. fba .lawei^-««w^l®x ao f o m a i iiaa than 
f t l - teraa t l irosgh Mi lHpora f l l t a y {Hype K4, 0,45 w», U.S.A.) 
aaiJ f i l ^ F ® i*are d l r a o t l ^ takas f o r ^ x m ^ i o a o t l T i ^ eosmti i^ 
liy ^ i n i t B r ^ * f l ©c ln t i l l a t iOB f l i i l« ! «» a#aei:d%e4 i s 'Battar iala 
a ^ ilatlioaa* aaotioe o f c^iaptar I I . 
oy^ ijiy fry miinm^M te wmmn ilm4^ Amth»r aii^dt of 
the pf«fl«!te« of i^roB W^ la saMiftz? gi€iti» The eytoiH!)! 
-fOl^ gMi imsis i«!Maepi?eidfitftted ul t^ m%&MmT&%WB4 allp^t of 
(Bstiscxm raised «i:alJi8t goat »if%ffli Etf • fjbt pruf^ratisii of 
amtiHwraa FJI? w&tm i s ^oacfilnid in •Ea1;«idal« ani Kotfeofis* 
svetloii of chap tor II • fh« linmB« pisooipltrnteo, forsorf 
after alXo'^ dB-ix %b& iReabatiim at "^C for 4^ htmpss, '^ ae 
f l l tomd through istllipore f i l t e r pa|»r Co.45 i««) and f l i ^ p 
"5 ptpor wm dir«C'tl|r %i*«yi for l^rMloao^-gltj ooontli^ hj 
mMjm &T^*e matnttll-m'ktmi flnti 1» a MB*^0 f<aitT<m 
scdntillatlcai eounter* 
All thoe© 4a vityo oxj^ilments wot* doiio eoforal 
tiMta a t O-^ -'C ifitfc s i a i l a r msalts* 
mmmLMkjmmimm 
HllttLJlllJttih. 
Cfr«tt 170 g e^ f^ftt 'Muinitty gliiiti) in «»» vpmm%tmi Ins^mA 
of in bat«ii«9* ^eenit B^%9A<m 3*111 f03. ftltmittiOR 
fi««i.ptt«t-l<Ks o f ee»^il«ipidi2.3r |»r«t#is &ai t i i t mil #Tfai i«l l«« 
•i. c..) 
tmm MM 
fm puiifiCAfiof ^Affifis Of mum^iji mtinoh mmim 
FiiofBiM mm aoAf mmAm &LASD 
fM c^oml p&vU.tm of mmamry glsmS hosm^emm^ 
ns^ M«tN»#9* f^etimi. Tim m^eism% of |»Tiit@iii mm asttajri^. 
(l ig) 
1, 4 f ^ r acid |tr®«ipl%ati«»i, 3346,35 
4* After MkA-Stij^m^»v 
5. after a-75 fUtraticm 
5<^< 
92 „ 
. S 4 * 
.00^ 
.15^ 
•iWniiwiliiiwwXi'im mil I Ml i<wiiniiii<iim»ii.i »w»—wiiiriai uwnniww 
m m Metlm&iM b j Mwyet i9»t)sod &f (^&nmlX £|. $^* (1949) 
h m ImtitrntmS. by i*th-©d of Lwiry t l al* (t95l) 
C&XWM n i l * *» 
3© i t 
44 to 52 « i 62 ^ 81 





















































-o ^ ^ o s s ' s q v 
%otli I3i» p»ak« t^aam^ ^ tm pmmwm «f 0«^ BF (AMI |«d«<Ni ^ 
«^«i* |iret«l]i bands (H$* ^C ms& !>)• 1 ^ IEAB»i»pliii4«x 
eelian ^F<>«at^»iidii« patters ef poolad flieiex««Q»Bt fraetieBa 
^r^i Saphadax 0-75 mlwm.9 i s aluiia ia Hg* 30* A idai^a 
fXuofaaoaitt |Mia!r va« o%taiiM# aftar alsttiag tlia etSLwrn vltli 
a liiiaar gs^iaat af Sa€I <0«0 S ta 0*1 it) IB frianiafttata 
baffar O.05 K» pS 8*5. fha palyaaiySABiAa diae i^l alaatre* 
|diaiaigz«B of paeZad f2.«ai«ae«at fraatioea i a i^ banra ia Fi|;. ^1« 
It abairad e»it aara px^taia of Mgh aeXeeaiar ««i||iit Itaaiioa 
0»SM ^aad* ^da lil^li aa3.aoftlaf> aaifht pretaia eoitaaiaatioa 
wtm iwaovai i^ pavfwradai rai^i^Muitagrapi^ af paolai 
f3.i^iaa«»at fs-aetiaoa fzaa Mjyi«-Sa|^ aaax aalaan* ea Saphadax 9*7; 
ealmB* t^ Bo^id^joAmx Cl-75 ealaiin tinremit^grei^lsf inliaatad ma 
fSs^a^aaaatit paaOr ifigm 51). f^ palsm^t^lwaida gal aXaatro* 
pfeevatia af paalad fXixaraaaant fAotidaa f&va ealy «»> protaia 
hm^ af 0*Ei:r <aa i4«itifiail %f hXnm gfaaa flizareaeai>et Kaa ta 
hom^ Xigaa^ latiaaX (fig* 3Zf)* 
the sodimi daa«4^X auXpiiato (31^} palTaaxTlai^da gal 
ala«tx«^>hai«Ma pattaxis af pari^ad O-^SM ia tiimm in 
f%, 53. 4 sifi^la Imsid vaa abt^aad v M ^ aaggaati^ tha 
p$r±ty of a a^ BOOMirie C«-aBP pxapaxmticn* 
Tb« abMiiptioit i^etfua af pailfiad C«aBP mw 




37 X 2»7 an 
40 wl/k&mt 
to s i 
Ma«ar f i ^ l ^ u t ©f KaCl (0.0 la) 
0*1 M) t i l 0.05 ^ fri®<-a.©ttal» 
132 to 139 
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U J U 0 8 2 s q v 
C • Ftr»t i^A f^l . fwtm M%w^^mi«m #-t$ ©©Ssa»| 
15 - s«eos€ f « ^ |^©1 frem S»flis^x §*t5 ^l«®a| 
mmm mm<m. mwEAU Qm m^msmmimmn QW wmiwim^ 





A B C D 
0 n 
tuo absorbano^ f«a^» Qa« a t 2W wm ^e t© pf«t«ljtt moiimty msA 
other at 55C BIK f^i» to y«M8«l K&1«1^ { F 1 § . 34). fh^ r a t io 
of aT3s^j%au^ at 2m jm ai^. 550 m wan eal<mlat«i to fee !*20, 
flitt rstl© lia« fefre® rsf^ ttr'INsi t© %& diffsiwat for «iff«r«at 
tis!W©« (lashoT asi Cliftll , l^f l l QBtg mmd Cfeytil* t978t 
fh« ra t io of absorbaace a t ZW mm aatd 550 «ai fOy 
IRirlf l«d goat Bsaa«sairy glaasifl C-^ -iM was soasvbat fci^feor la 
€Kiii|»ariecfi to o t ^ r C-*Bis» I t ms^ be dua to tmm lc»« of 
ratiaoJL ^ri isg pi^idflcatlois etag^®* Sfea absorptiee i ^ e t i t i e 
of <V1BP iis t^fIfeTORt aa «o«^are«S to ^ a t of s^niis y«»ti«ol 
bltttiag firoteitt (iJiF), wliero abs^rbiasoe psmkm are obtalrsaa a t 
280 mm aai 330 ass wa'talanist^sa. fkmm ^ « e t i n » of i^ t i so l 
bawjMoa Xi t t la altaiw^ cas it® blKdisg to C-KBf M > I * « 1 » . 
I t vaa bmtii-ohromimlly dleplacod »osj0 2© aa* 
« » awalectalar w a i ^ t of parifiad C-aiF frem goat siaaaaiy 
flaaa «a« 15»tJ?0 dalt€»8 a» Sat«x«ii3^ by gal flltrati^m isathod 
of SMtakar (1963) m B%phm^,e% a-T5 c o l ^ « (Fig. 55). I t 1© 
eoepasabia to €5*liBFa iaola toi frcm ^ms^otas tiaa^tas la Sii^ai«at 
opaoiaa (B»«hor ani C ^ t l l , 1975! Qag a«8. Cbytll , IfTRf 
^^ «wrl ail al>»<5T8| CjaM and ^B®rjae, 191^1 ^«x aui Job«miieaaa»« 
t9®2). 
B» pwrity of C-sa? vaa foTthar eoafira^d by *o«bla 
iwaaaoetiffuaiOB aai»a^ (Oactarlcaaj, 1f62), a^»i; r ^ b i t 
aatiaarois, tmiaad againet C-llf ^ t l ' i a a , A alagla |>i<«oi^itia 
row 14 
p70t«iR WIS takvm In a «^&liX« %««B x»e«a?iii3g ^p««t3re«> 
MvtiMids' s#oti^fi in <^Nipi»r XXI* 
ABSORPTION SPECTRUM OF C-RBP 
FROM GOAT MAMMARY GLAND 



























37 X 2»7 «a 
15 wi/ha&r 
a lel 
0*05 M f i l j 









3.9 4 .0 4.1 4.2 4.3 4 .4 4.5 4.6 4.7 
LOG M 
Urn* mmm obtal8«^ ladiniMag tlui ^mmam of ivniBOlegKmlly 
i«l»Mt agaiBSt imrifisa G^M was wmte^mettle aliieet 9im^9 
aid BOt en»S8 r««ct ^tfe go&t ••nw-^BP. I t ediows tfe»t C-81P 
i s eluttrXy 41sti»et fro* ^i« emvmt^Wm Another distinetioB 
^^M«ft tiMifit two ela«i«c of iprotol&a wkm tlsat tto» si^etxiai 
of f«tiiiol ifl^lglttly «Mflod toimr€« Mglitr woToiongtai 
CmlNwt 20 m) m himiim to ©•^5^»*' ^ ^ ' 
fh& d^mrma^rlmtiem of goat itti»aury glmsA €«4lBP iiiolAtoA 
!}y tills proeoi^^ro luro votj ootq^ufttblo to Hioso of otl^sr CN-^SONr 
I s dlffsrsiii ^jganos of varlims sMitsl m^M.mm iMwitor mM 
Cbytl l , !975| C%3rtil t l al«» '9 t$t &«o fit Al*» '9*^91 
flisss x>08alte elearly indicate -^at th«» goat namsmrf 
glmoA C-JiB3P, i«olat«<l for tbs fiirst tlwmt i s In part sod 
lio«^t«imis foftt. fl!0 leoilJitlois premiinrm VLtmS In th» pr^ssnt 
stQdy 1« wiy ala^lOf rafi^ sni f«^roimeilJl«« ffeo yl«l<l was 
also g©o«» tM aaoBat of C«aSF so purilis^, >ias a^out uao ng 
psr 100 e tiasiis wsi^J^. 
Mffet of laoatotlSB t l s s ami eoia 2«ti»oI ooROsatx«ti^ 
OB th» liptalio of ^«-rotlayl aes ta ts i^B'^tmAn A) hf mammvf 
mmm im^^^DiffmwM Asa*! of' aoAf MAsmAm a MID cifosoi. 
AMD FORIf 2BD M^HMABT Qhmt) Q^UW 
Well 1 » C7iia@ QT't^sol df HHMiinty t la»ll 
Well d *• ^ t i i d c r a is^9»<! «gidLti«t jHafi^«ii C-HK* 

U2. 
glaaai iff Bhmm. 1B f%. 37• ^•mltm #ioir t ^ t uptalMi ef 
^H-vit^Hda A was l inear vtth ttiw ta i3>w^e« ef «««•« e©ia 
r « t i n ^ iJ5 tb« i?ie«lMi%i«i afrdi^os. A^^ltlaa ©f tO «g e©M 
ivtinol in tbe iB^ali&ticat a»4tti« iiief<«M»« tli« e«llmlar 
u l th t l i » . l e t whon 25 m ^^ tOO «g e&M x«ti&el was «S t^e« 
i s th« iBeab»ti<»i osdi^i B(»parat9l7» tli« a f t ^ « of ^ « ^ t a » l a A 
f^* mamamry glii&4 iaop^sffS^ i^ar ly liB»ttrl|r ixptQ 70 ntn^ -NMi 
|Mi]Hba{»s tl%@ iipta^9 df i^ t i ae l hj mmemjf glaxA l a aatttsiablft. 
fb0 raeal ts sliow %1mt w^tt^^ ef B-^tmsAM A trim mmm hf 
wummry glm^, mm |iii|p»d % tlia ap|i«ari»«t &f %«TltaBiiB A 
raMcNtetlTitr :1^ wmmms^ §Xiia<l» aagl^sta that t h i s i s 
A9pBi^emt cm Tlt^ata A e<»i€aBtf<ati«« in tibe Mtditoi and %%« 
tlffls of in^siOmti^ (Fi«. 37) • 
Binm thm ab&'v® @t»i.y wmM airt t a l l abimli tli# 
Imralvensafit ©f fitaada A cwarrlar nr^taiaa ta tli® ti^taka ©f 
%-^ta@ia 4 b j f^ yaffaiy gli»^» thaz«f<«<a tlt« iavalireBaat of 
mmamry glaaS O-KiP 1» ' ' i -^ taKla 4 ©ptalra fr©« aayao was 
etttdiad aisS tha rosa l ta ar@ aho^ Mi i a Fig« "p. la abmaee 
ef say isld«^ xatiaol ( v l t s ^ a A) l a t}i» iae«^atle» mtai^n 
(aarea), the a^p»m-mi&9 of ^ - v l t ^ a l a A ^ i^ ioa i r t i ^ t? l a ta 
C-KIP ima l i i ^ a r «t^® ^ alu^ita® (Fig. 3S). AJdlti^- of 
10 «g idtus ts & la tha la<m%atlo8 i^di^a laoraaatd C-HIS!^ 
aaaoeiatad % - i ? i t ^ a A rai loaet lTl t r* «felefe waa aoeeiibat 
l l eaa r with tlaw (Fl|?. 38) . Oa Itor^ar iai^aaalag t ^ «BCuata 
A%out 0*5 g mltmB of mmtmwf M e ^ e wmm intsa%m^i€ 
mr\m was 0 , tO, 25 s«^ 100 i^ j^ ¥««|>«©tively. ^Ii« iHsaetiMi 
i?a8 »t^]p«€ by rsif»i4 etsllllag aft ty 5» 10, I5# 30 laii 
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i :1 •.. 
Of «««®d i«etia«l i s ^ » t a<? i i i » t i ^ ttttaiiM, ! • • • 25 ttg» 
vas e^e@r««d 15 »i»mt«« a f t « r t l ^ inmid^ t l im and tli«f«At%«r 
i t pXatAffii^d ©ff • ffe«a0 r s im l t e IE^OH ^tai* C-8B3P afip^ars 
t o |>lfiy a it>le I n "^o ^ptmko o f blood ^ t a « l a k ^ a^raaxy 
g lana. 1%»8 itptaire appear® to l»e i$®fi®]iai®»t m. t ^ 
o«io®atjaMiai o f v t t io id i i A to tli® i i to«i^ t i<m iw<liiii i ^n i 
Hn® tia® o f l8i»%iiti.cai. K»a«lt» i n d i c t ® « ia t C^SP 
oosooiat®^ i;^ttilr« o f ^ l « ^ taa^B 4 ap^peare to Is® a a t u x ^ l ® , 
i&ao® iS: prooeao® of ) ! i i#»r wnovBtt® o f i l t i t t d » 4 i n tie® 
»ft<!i^® 1«®. 25 Mff »« f te i r^^r ia^rean® i » tte® C«SM^ a®ae€Lat«i 
^ l -^taadya ii i ^ ^ l o a o t l Y i t y va« aet®<l a f t o r 15 a lso to® o f 
i n o B l ^ t i ^ * 't\m lavolwifflsent o f e-«®p ta i f i t aa la 4 optalr® baa 
®ar l i « r \%mi ip®|»orl»d i n li-wssr tiami® (S&i^Bar i ^ l C ! ^ t i l » 1975). 
fh« f Iqralo lo t l e a l isportaaeo o f o® l l« la r r a t i a o l binding 
prot®iB0 i « aiB^kaovs a t |»T«s®at • lovftiptr t l ^ r® ar® ®oa» 
iad ioat lo^B tt iat i n mtmm wiar t ^ j sodiat® ^ « € « l l t i l a r 
« f f «o t« ^ rot l t t©,l ( C h y t l l ana Oa«, 1 9 ^ » 1979) • C l ^ t l l and 
< ^ (197©, 197!^) ^» l lo ta i i (1990) hftii® ffi2ii^at®4 t ) » t 
irl'^ualEi A aaS ©th«r ro t ino iSg aair ac t I lk® e toro lda i t l » t i « 
foilO'dLtJ^ ®nt i ^ to ta3E^«t ©» l l8 , a tum^'im'x. foipa» lb«tii»ia 
'vitaMi.a A ( r « t l j i o l ) and i t © e« l l u l t t r M » S i i ^ p ro te i n * vM<^ 
<»ui tbaii 1»^  traa8loeat«<l i a t o th« oolX raioXoaa aa4 aXt«r 
t<Hi® «3efr®aai4m« 
I s ^ ® provlooa ««otiot i t i t feaa i®«& steown tibat IBP iras 
pro««at t a sdliE whie^ oroaa r»aot®d idl th a®zi2a IBP. fli®x«fox«. 
i t i s llk«aiy «h*t oiistfi «f nAlk BB? w ^ l« ft-wi mrm wM^ 
oAjr <>eeiBr via tmum^ ilan^* I t i s a l ^ l i l i^ l r t^*t »a»iftxy 
gljmd Mr ^ e«p«&X« of iqni^ftidsiag wixiui MM ItTf Ufvr* 
Beth M»naa7 g l«A «i^ i iv«r «yi b« eoie t^trft^  in t ^ f«llo»iag 
M.ymT r»o»iir«« s u t r l t a t supply fr<Me the iptt a»d the 
tftxgvt ti«»»«« 0^% tli«ir au t r i t e t sni^lr ^s-os l»ld#d. !f«n»i7 
glAsa gttts i t s 8«trl«mt fliiifiX; trem %l0O& 9X0 memf%9 tli»8» 
®atri#iita ii^ttk KiUe* 
fTMi t^is* i t i s l i lwiy ^ a t • « » » KH'/^oo b« inwlv«4 
i s ^w tt^tak* «f •«ntB r»ti»oi 1^ MmaAfir gl&aift* fe g«t aa 
iatkifilit ifit« t h i s , ^i« «f>f««Mr^ai of '^S»^tJB»iB A nullo&ctivitrt 
t ^ mram-^BMf naeoi^at^i %»^ta»lB A r^ ieae t iv i t j r in mammi^ 
glmulk wkB al@o m^mmxntfi tm£ %im rei^ltii mr* sliovn in Pig, ^ » 
fhe T0m£Ltm tshmt tteftt isulAni "^l-^vitas&a '^  srvSioaeti'vll^' vfts 
feimd to %« iftfiao€3i«t«d ttitii imiEtirabx^  g l a ^ tminm-^-^M, B&mvTt 
WBtlXiEt C-H^ M« fio lifieiHr iiLex«iui@ in ^aru® RB? ae^ceiatsd 
%-*¥itaiBl.ii 4* i«^,li3Na«ti¥t ty ina@ mot^ ig irit^* tiwi in alnw.B«» ©f 
aSdiM '«itaeilB A l a tbm ixioibaticm »@ .^luffi« lo re or lees* tiiHttX' 
p»tt«f& es 8»rta»-EM* as«OQl%t«a 'l-'vitaai^a k rajSieaietiTity wm 
m&^m4 wh^n tO nisi 25 m of iritiy8i.ii 4 V«T<S aiilei to t l» 
iiitfalift^QB a&4ii^ 2«i^«etlV9l;^» ?&e@« rtieult« elioir tliftt 
i»t«ea eoaiM ii«2«u»<»^ ££' i s prtastat ±m msm&sety ^ImS msA i t %Xm 
fidks ^ %»i«tiagrl aeete-te r a i i ^ i e t l i r l ^ frem s#-y«», ¥tit ^m 
wfMM w^nmm OF %-fif«ii i m n^m » M^mMt VIBI^ 
wm® mt^^^ fey wmpM ^ MlMsm « f ^ F 5» 15» 10 i®i 
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«x^Hit i»f tMe ^ftctfe# i s <t«i^ ssa l l aafi i t l e net A Iiii«&r 
t»ft^» pl»»«i»ii€ii as eme^r^ t# tls* tiptiOe* of %-titaad.ii. A 
^ C-BBP, ffeis wmn^m-^'^'i wa^ b« 8«ex«tfti frOB mmmmr^ glJHsi 
t@ id lk . PtftittBM «f »«TOia-ll^ i» nillt tea oarli(»f b««ii 
f©|i©rted b j »&t®i^l w®T*»re (lsrtoa» aa»€ l>Tyi»©, tf74f 
^m%-m R»dM.» tli J^»» 1976)* ?fe« iwefeaniw^ ©f SMsrss FBF «»tyy 
twmk %\mA te i^»wKrr gliusd %.% s»ot faXly tu!Kl«r«ft0©a. fM© 
8ituati€m (!•». j>ir«@t8C« of milt S-K-BF) ie lilr® other willr 
proteiBcs ^m^i* gaii^st-<^©»ln, %l(»@d aert» mllmsElSt ««glo%«llii 
m^ peeudegielmliii « t c . (I'Oli© 1:1 a|*» t ^ ^ ? f!ti^i^s«» g|. ^ . t 
19€5» Ilai^ trjv^ ii a^ BTJ<!#II, 1974). Tbe8« mlUr prdt^la® a j * not 
aSfmthtisisiSj-?} in ramn^ry glaM, feat awi d^ri^w*! In wHlr fr^om 
bleed eou-ee (?ilir. £|.s2,», I^Of Ccmlsen, 19!©| flteni^eim i i i |#» 
15651 Hartim-.n **-K1 I^ysrden, t974| Jacob ami, t974| tmbhalmr, 1^7^)* 
i& im,sm&r^ gland tis^M? «•§• a2.pii€^ wA lMita-<m8«rtn« I»«r'to<»l«et0» 
J»©0bsaa, 19741 JitrtB^i i»a Cfjriea, 1974). t\m ^fnayal 
^gchanii^ ®f pTOt»la, Wk m& ISA ^rntfeesls in t l» iaoHwuy 
eeUisi are siiailsr to tfeat of @tl»f Hee^ M e^ (Sarrf, t9<5l). 
tm^iti^t tl-at iftolat<^ £m(:^ l#i as woll a s mitoefeo^Tia fstm 
iaistatlii|;V eow aaastaigp glaaa ^mtb«i^«« frotaia mi. iaombatioa 
witl). aadKO %eiia# Ftti^aiiii tS j||,» (tf?©) a^S Be#t» fj^ a^ J,* 
(1971) hamm alao repifiartaa that iaodtaia^ memm-vf fl«B<di fr«i coa 
aie^escmea ana MI «a93rg3r seereo* Itofifeita «R^ M,nmXt ( l ^ 4 ) 
la^ ld»«ell md Hci^ MB <1974) !»»« titlco ehowB j^r l a XLISS 
S a d i e s #tat aimftsa*?' glaad «3fii.^ to«iiMi^  i^llr preitAsm hf 
ut i l i idag aeas(<-«#«tsitlaX sfi^ •eeMiiiiial aaiiie ael^e* l^ eftn tfe* 
mvatm 7«ti»ol 1>i»Sii^ |»r«rt«la ^ ^ ^ T V N I in iiilk bjr «i> and 
9%hmr w&rkwrm {i^ierimm siM Bs7d«B, t ^ 4 t d«b7»«<j^ 4M!hiti t ^ a l . . 
f91^}» wm^ %9 eitlNir iQ«it&««ie»i j | [ | WS& ^» iianaA37 4*2JUi 
].ik« milk prist«i» la€t<^$lmil»8 «r 4«riir«a in aillt f¥o« 
••nan al^oais fsdlk protoiii* 
lnv^vea i s th« t7a i i^«r t of Moed v i t a s i s A to mmmary glaml 
'^j^ ffiMARY 
4 .<» "j 
J - i d 
TltaRlB A ccmt^t of goat mrm and »111t» I l » ^ftgiv* of 
©f Tf>tii»«l MucSiiii |>r©t»to ( a u l tmi i t A ^tarimv pret« iB) . 
ft»e «ffle«ey of 1 ^ pro^tsmia i^  e&rotoiioids isolated f r o * 
g2<9«ii lomipot of rtaifiisfe and eoxiaxiSor to i i ^ r o w tiio i r i ta i^ i A 
aof2.<^oii^ i3^e»d MooliiwiCfflCl lofllQi^ vao fisnut 4otor«iajB4 
li3 < ^ ^ « . t o r ^ i o puz^ao* o»i diisr o l i elildiro woro aoAo 
v i t a i i a A dofioiofit br ^poiinf tlWA vitooin A l^ roo di«t« 
At ii»%iit pXft1»flBa «1»€0 of vltamdii A io f i^oney $Melr« v«ro 
rmoAmCLf ^roiipod ani woro giif^fi diffoxvut ti>«atfli«sts. Aftor 
^pooifiod jMiyfodf th»f woro oaofifleod «fid tioonoo voro 
c«lloo1»id for fwt^imr o t ^ i o o * 
Aftor d«to7tti»ij^ ffc^ o offleaesr of j^roYltiodUi A 
oaztitiROida, asm 09 noro oralljr fiv»& to laetatiag goato and 
Mood 8Bd milk ma^os of i«mt9 voro oollootod at Yarioua 
ai»«<dfled i^rlods an^ %h.«& frrooooood for IB? ootlaatlon i s 
•onus a»d «111E» fo ftitd out ths relm of 
caUular MBt iO»wm) in v i ^ n i i t A ii{»talco frois !»lood 1:^ 
««—aiy gland, C-^ BF wao frailfl«d frcm goat mmimrf gland 
and rot inol tq^tidto etudioa freii blood mvsm to n^aeaxy gland 
iforo dosa ^ SUQCft* ^ ^ oalieat foatureo of tliooa otmdlao 
aio glvmn l^lovA 
13? 
ef • ^ • t l ^ t i®»e ®* ^®*y ««Jw^, itiffl«« f^iit^iii and l^tl^xisr. 
i^t^niB 4 defied«»t citiekii imw »ot d#t«eta^l«* 
2# ?it«iiiB A i«flei«9<^ j«dti«»a tfe« feMy if«igiita ef e!il<^ 
as co»p&r#d to tht ^dd ra fnq^3jriMmt«d r i t h pi9f0Tsadl 
vitaidrt A« idfsl!ii8tF®tt<m ©f ff^JiriitesiB A earoteKOt^o 
t!s©lata<f fy^s ifeAlsIt aai e<iilaii«ll«r l«8irta, 1I«KP®«®*61 tfea 
feody i*®iflit« of vl„ta»dl« A d«fi«i0nt ckfcke. fim incremmi 
3 . Vitaadia A deilel^aey raduei^ the ti»oue naight of liTOrt 
limg» brMa aM li&art of oMc^ii as emi§t§Lm4 to vitiuisia A 
eiqpfCL#%«]cita'tiQCi« Sii^2# ad«h|aat« Se»« of px-ovitiiadn A 
€arot«iiolis iBcx«&s«d the tlB&mi V4iigbt ef a l l t l ^ Gi^mmt 
of i r i tw i s A S«fioi«Httt «^iGl:8« I«ov io«« of oaroienoi^a t« wot 
am offoetif© aa a^ofeata «©ee iu ligproiriiii ths timrn^ gravth 
©f a l l th© 0!r»ftms of v i t s s i a A tfafleSaist ehieka* 
4* fltasiti 4 (!»ficlaii<3r al^rtificimtly- loiNix«d i^a IBA 
00^tant a in li^ar» Xtmgt braiii aii4 haart of cMc^a aa ocnqparad 
to vltaada A fi»;qpp.leffi©etatloR» xramitmsSM ^ earotftaoida 
iaals1»d fro» m£iBh m&^ a o f l ^ a r l^a.'fas* rastoxadf tba 
vitaida i^  daacl«acy ladncad Moefe«»ieaX leaioaa in lilA ooataata 
of llv«r» lung, braia aaiS tmrnrt of i^ia^a* The rastoratioa 
affaet variat iiitli ioat* aimrca of vitmdn A and alao fj*o» 
%tMs&9 to lleaaa* 
S« f i twi i s 4 ^ f i e i « e i ^ «lgitifie«itS.]r x«d««»4 Idi* RSA 
eei!it«!it» 0^ Xl'vvTf Jixmgp hvwln aed immvt of eMedrs as 
wit^ jprovitaadn A «mrot«iioli8 of radlii^ aad eo7dUniiS«r l4i«v»«» 
r«etOf«d %im UM, Immlm 0f l lv»r t Ivmg* ^raia ani lM»art of 
-fitaaiA 4 dofidoiit ^dcira* Si« foatoratloa offoet ma 
#»l>eaa«fit ea ioaa» »9«ir«a of 'vitam&a A moM tiaant 1^1^ • 
6 . TitMKl.a A a«fi€Sl«»€sf idipilflcRfildLy lovaraa tli« ilsatia 
protein ecmt^atE eef livorf l^m^t %iPair. as*fl l^ar l of eMdta 
«i! o^iimraS to tdtaei^a A aizpplOBetttati^m* Misi2!ilst3>%ti oa of 
l^rovlt^niit A oaTOt4ifiei4la laprmnNI tita vitaidA A Saflolaae^r 
iaduoail M<Hs^iiiieal laaicme la |»rotala ottstimts la a l l tlia 
oafaaa of ehl«9m» flam piHitaia ooataata of leliiciea gl<voB lea 
iOM of vitaaiJi A or pxoiri^aadA A eatotaaolda* aara lowar 
aa ooaqpNafad to €iii«iQi fivaa aSofaata aiMRtat of tlia txaatiiaa-t* 
?• Titaala A aefJcdierwy al.fniflcaratljr Heara^aali tba swalMir 
of o«ll@ Im aJ.1 tl® orgm««# i»«. l l f ey , luag, trraSii* feaart of 
^ii«ka a« coBg?ajai# to irltaaia A ma^pleffisntatl^, 3ap^«aastatl«ii 
altii. provitMtia A oaret«!«^^a iaolatoi froa nii iah ami eeritmSmT 
Xoa*«aa iaeraaaafi tim wsmibmr of oalle i a a l l tha oxsaae of 
'vitaaia A liafieiant ehl<elea» fh» inoraaaa vmrtad wltli tha #oaa» 
aoaroo of vt^amAm A aai^  frea tlMmra io t iMaa* 
i» ¥lt@ala ii #«flcifn<*y m^mrn^ hfpifrtT^hf (!•©. ic«n^aaai 
w l l alisa) l a l i ' rar , Ivim, hrtdn mr^  Im&rt ef eihidk-m* fha 
ai«S»l«tr&tioi! of f«ro^ta«l» A citT®t©BOi,5« li»lat«€ frea 
J 40 
grtmn X«aime of fn i l i ^ mod e^rlsa^mrt r«st#r«# tlw -vi^ttfiiii A 
ll-v»r* Iiii^» %f»l.» mai iMiftrt of tMtkm* 
9* Hotlnol l^ifi^iag p rowls WBtm isoX&ted fiHEm goat blood %y a 
^x<»e s-l9t pfoooSmm isteistg BlAI'*eol}.mlof» • C9l<-aof|»iox KBi 
aophaifiox 0«>tOO eol^an 6hin3«otop>8.)pliy« flio aotbod lo iii^plo* 
leeo ti»& eofissAdug m&^ vox^ rofxisiitoiMo • 
I0« i>cirlflod soils* ir«tliio3. %»i»Sifi@ pro tola vao INiae^ooovui, 
•loelrophoii^ti^aklly mm imll as tniRmologi«ftll3r* Slto aboorption 
•pootroB of purifioS oofott BJ^ #toiio4t tii« p«ako of a ln^i t 
•sffit0 iiaipBdtMo a t 2W wm sad 5!^ m» iv i^et lvol j r* Tlio 
4280 lA330 i^ t io vao 1*01, vMesb i s <^araotoristie of tmj 
If. fb« noliseiilas* wolght of the imilf ioi goat iwi-e© IBP mao 
iq^r^cLttatol^ 20*00© aalt^ao* 
12. MttlBlotfmtloii of ooM -vi^wdB 4 oitlior in a a i ^ l o 
wmtmt'm O^{M» or Mui^iiw doso opi i t into fomr o<iiial dosoo 
in«r«a«ii tho IO'VO.IJI of i:i^ C'vi'teiiii A tx^aiioport pi'O'^ifi) 
in both blood mram a ^ adUt of goate a t 4tlff«»mt poflodo. 
In oaoo of i ^ l i t Soelag oo^dudlo* itm poidE tiiovoaMi Ixi BBf 
loipoXo of oofos aotfi nlBr waa lowor as emi[Q»^ rod to tlMit 
obooryoa i s oii^Io vaasifo AmOmg mSm^lm^ bmt in sp l i t 
doiixtg f^amor* i^« ia«groa««^ l^vmlm of IIP isootaiBOd f<»» 
looger pexloSa* 
M l 
%3* In &mm of ®l35«l.« fliifiidLins ^^tAm ««l»tal« ©f e®3.i 
8©i«i. « « s i l k #f gmk%»m BmfvmTf 1B ^ « « ©f ^ i % i 01*11® 
©<mtiiRi«« far I « i » r f«ri®#« i»« . «ft® 5 «tiy» mt-^r tte» 
f4« i@t-»-'Caf®^wit » pftrf t ta^a 4 , i»@i«»a»&i tlm i«7@l« ©f 
MW iwt%&m%m 4 ti^ai.^|p#rt fr©t^ii) i a %®-tli lil@#d. m^x^m wai. 
millr m* diff#i«ii-| p©rt©i.a ia fcants* f!s« i»ei««ft«i im Mf Xs^vtls 
ime «aicl«!B» ftt ft li0iir« fKiilc^ afiNrr tfe« ti»«i^iemt« l&i efti»i 
©f ^ i l t ^©Mm^ »^NBimI#t tfe® ws^riittB.^ ©f i»ef©iMW^ i » 
l^rrol® i#a» l©v#r aa ©iw j^piaf^  %® tltett ©f etagl© wM^iire iCMBiing 
•#ii»d«i«» tet ^i©i« vae a «i»iti^yi»©a-l M lii©ro«8^ l«ir«i« 
©f •©^nta «Ri «i^ ll? n f in iNiflii ©f ^ M t i © ^ i ^ »eli«iml© <m1^* 
! 5 . M!iiat.®tp»tl.®a ©f 8**«f©-*wlai-eai«®t^«l ©l^ttr im m 
^ « e « f©r f^ir a4me©©»tt.'9# liare» rtsnO^^i i s an ift©f<»iia© in 
IBF a#*sJ..» i® %©^ M©©A stT^i i»« idlit ©f g^itu *t itff«y©st 
.I^ilei«» ^ e |«>i* isef»d©9 M B»P« ©-xi©*©* a t l«»tr sM^ettea© 
in mtm of i ^ l i t 4©«iii^ . ©nitiNtiil© »m^ ttms^-mM t© @i^i« i^«glip© 
i©^iig «s i^a.«3,©« ? ^ t f l i t i©Mi^ ©i^ Miimi© r « « l t « i i» t ^ 
«ii»taiiiii@Bt ©f MW l#'v©i@ ia %©tfe «©i<©« mai s ^ t ©f t©»t«» 
t i , i ^ ida ta t fmt i^ ©f ^y©i^tiai4a 4 i i « i » i ^ ear©t«iioii« 
,^  '^  
%W Immlm of lO^ ooS mrm saS aHlr in gmtm* ftw d«8l«g 
•«lMdml« islgmlfie»»«ly ftff^«l*4 IM I«wXs. it«^isg of «Moiv» 
ammm* of (mft»t«i^l4o i s foer OfOftX afUto for fo«r emweatito 
d«ir« to Itto^tiai footo i«osl%ol{ i s ttm mam^Xvmm^ of 
iBoxo«M€ m^ Irtols of ^ t ^ mrmi oafi «IIlr* Is ^IOMHO of 
t^fiJLt booing scfeod^ Oo aX«o» i^Tts im« t»LOtftii»M»t» %nit tM 
iMtg»ltiid« of ipook rioos ^ iBf wm Xover oo oco^srod to 
Silvio mSiB&X'm (lotdLsg edbsdiaQo* Bat a»lttp3o meMfAf dooii^ 
o<^ MMliil« of pTQvitmiiSA i^ mkt^tm&ei&nt Ci*o* ooseivo MBSOB^ 
givoa for f<mr eo&oecntiir^ iagro) resedltod ia as iBorcouio In 
HIS ININIIE atfignttitSc of emrum sm^ miXk IBP. 
17* UMI aot^oa woo otoadftt^iaod for Hio parifioiitiat of 
oollttlAr voMttol xoooftor protoia fir^i noot mmmastf gloaS 
Moooi* fli» Mttltod i o lOM tiao ooowadag oi^ voigr eii^lo* 
18* fh* pai^flod otllQlos* f o t i a ^ Iiiiiii9g i^yotoia (C-&np} trem 
goot mmmmtj gloni woo • lootr^iwtot ieaUj &o well ao 
iiMHBMtla i^oal,!^  bon^cMwa* 
19* ^^ b« abo^rptlot qpootzttt of yoriftod Maaoai? flanfi e-aSF 
^owodl two a^oor^^OB 9oalto» m» at 280 a* 4im to protola 
• o t o ^ aad otli@r at 5!K) aa dito to i^t i i^ . awlotsr. 1%o mt io 
of A2flOU550 vaa 1«20* 
20, TIja Moloealar wili^t of f o i l f t ^ aansa^ glaad C-fiBP aaa 
aibottt !5^)00 Aaltoaot «iti«^ i< ooapara^Xo to otitar C^ElPa. 
glmat'H f!lli€»« im* iftf«i^«&t ^R tl»» liie%l«<lt<Mi tla» •« ve i l a« 
on t ^ nw^iBt of eel^ r«ti]i«l fi«Mitt ia %h% imos^AtloA mNiliui. 
2a • laamax? $Xmi^ C-&3r i s iavolliwi la tint i^ tAlEe ot %« 
YitaiBda A li(y Kunftzy l^ttM fx«» hXmiA tmtwA to WMiaTy tl«B«« 
25« ^7vyfr»f<ttiJio}. MttSimi prcit«i» (S-KBf> la px«9itBt la 
mmmkxf ^ Xm^* I t 1« al»6 lav>Qlv«€ la th« tq^ taSco of %• 
litaflin A fric»a IbuLeod wmrvm to «aMHi«f3r g^aat* 
Iron 1^«fio »t«iSi«« I t i s fmm*^^»^ ^ ii^t provitaada 4 
oarotoiiMdda frtm giwm ttmymm oan IM of^etoatly imt^ for 
WRfl^iag ttill: vitaaia 4 eoatoata of go»ta» 
^mmMmm. 
J ± y-
m»^ f *. Unto, T. msA Mewmmt »* (1975)* ntaMB A trmwpoie^ 
rwtif^X Madii^ pi*et«ia iWS?), pTmttl^mdM IfA) &oA 
d.m^A e«Mi^«x. a. Idi^a mm* lift 200* 
4lM, f*» Mig^rtt B«t Btft«Mi»I^ *B« a&a Cliaa«r, t«J» (f977>t 
to m&vam r«t l i i^ Htttiog protein mA to ti»«ii» 
x*»oittore Sjt ofedtir r»ti&« iseid f l iwnt •pi^«li^m« 
Bioebfm* Bii^ltrB* Aete J ^ * 355* 
Aim|a, l»a. ftnS IEi8f&» t* ! . (f975)i %P«irvita«!liioel« A aaS . . 
I^retsia a»taii^Li«i la ittts* OW*irv»ti«M QB I««ei»9«t* O^ 
i!ie«)ii^eratliat ifite Il*fft»r« pXaoMft mB& oitsele |»rcrt«ii}«« 
Ristr* SM^« ItttVfSHit* X» ®^ * 
»i«Moc» ef vitsMiji A tn lemmm try^tof^Nui rich fi«fltl%«DBdLiii 
Aa»s» 3*B«y anwMOiif V«jr«9 Blttliagr, B«A» fasi lUHrrie^  F«I. 
idtaid-a A ft«»tate« F*^* free* Jtl» 19t# 
AaoB* (t9T7)» Mii»r vitsidB A a&MIiviHoo iuri i^ oiae 
d«fi«&«]i03r asi r»stxlet»4 feed ixitaic*. iiitr* B«T« 
Aa«ii (t978)t Coii^amtiv* Mo^Mdatrr 9X& •velvtioe of 
idtaBdA A tf«fti||»«rt iB |CUn» of vaT^brates* 
Ai«»»» J*f, ana f«tt Berp« ^.A* (1S#f)x Aetlvll^ df •itaodB A 
acid in tfe» wit* Imtaif* 12£» *22» 
JUnmiti* ?«f • «i^ #«iB8^t ^•^* (1f79)t Bffaets ef aattTiial 
IqrpayvitiHifiesia 4 mk prmafal rmt Xmg Metolc^* 
Soxie^* A^pl« Pli«rmie^« 4., 444* 
Barry* J*il* (I9if )t I*rot«ia aatalioliaa la i^ l^kt f te 
wmmmrf glaad amd i t a aaarattaa. (Itont ^^ l^ * aad 
C«wia« A«f« ads*)* Aeaaaaie I^ea* 8air Torlr, 1» ^9« 
« 
•at aaaa in ar&giaal. 
i 4 -^  
MffifJflf &i *WtlB®I t # imt t i t s ® © C0^f€*l3*Ilt«. 
^rec. 8 a t l , 4©»a, Set , ^ , 3485. tv . 
M^-0r , ^**!, m^ Cfey^l, f. (1973)» Cellmlsr retiBOl-^li idiM 
pi^t«iB* Met^mmm Blepfeys. l e t * 4 ! t . 87. 
f196f)s Syathei^® &f W3L1^ frot.«l»8 i s a mil ffme 
syste® leol&t#^ ?ro« Imetatlfi^ 'feoTla* mmmarf Hatme. 
A,3MJli# M©€ti<»« Itopfeyi!* J t ^ , 2 t 0 , 
l ^ t » M,I.» ^z««kzli^m«it%^* aoiA Cam, l i . l . (19T?)« 
^ t » P.V. ana l«er©i«,A. (t983)t IS»tafe®lie« of <f1-%) 
W t i i ^ l a.f»t%t# %n l i T t r ^ssfwrs ©f f l t i » t B A* 
r&t«« Moefe«»» Hcfirbye* 4«ta | 3 J » 45^* 
®UM^ara«, P . ( t imi ) t la • S ^ t t l t i ^ a l i i s a b i U t l e a * 
^ , MatiiKtal I n s t i t u t e ©f l to, tr l t l««, i a«» , %«©rafe»a, 
SeiTirlval e t g»r« f3P«>« r»t© wi^©«t i^taoi i i A, 
3el«'i?sc#f 164 «*?74 * 
M$%l^f r . (1975)s M«t*r3f Tltasdn A i^a bumsoa l « i ^ imaeor* 
Intm J# Can©*? 4 ^ , 561, 
Blalr«, C,C»|^#, CleicN9ir» K#<J,, Smm, I*B,A., fteyat, C« IBI^ 
H«i^tt ^» ( t f74) t Strei^cfof* ©f 1mmmt fl^mim 
trepert m^ ^tm p©iy^^ t i^« e!iai.» «imfo?matlOE}y 
J* Ftol. B l e l . ^ , 1 . 
Borai^, B,iw ( r ^ l 2 ) ! fe. YJ.T'^ 'at>tal^ ©f ehylcwsleroii (TJ) 
t^Mn."?! « * ^ r l»j r a t H 'mr i Sviatnc© for f«tl^©l 
tTsmmt^r frem ^m^mno^^psM. to »0afai*»ti©!iy'^l ©«lts# 
PTOC, S a i l , Aeai . sei.,SK34 2£» 7 ^ 6 . 
lit 
juimlftl.fa®* ^*^%* l ^ i . A©ai« S^« g | . i . 1061. 
lyit#lr!csatO«i.. C t ^ ^ ) i I n t . feitwkr. f i t « i s I s r©rse!i. 
e©wt "la «li^«»« l a t * ^ , f i t * le.ts»» &»»• i^ l , f 4 i . 
i r i t fe^it !^* a»i t«®iidi i t f«w, ( i f f t i t M©®jrs.tl^!«l« of 
kg, © t i l s ( 1 ' Fat »t»il»g €»l l  (lip©ef^») t a tea^i VL'mr* 
Ar^m f&^^m ^ t 447* 
e i t»^ i s Atm. ! « • • M©^®«# Zt» ^^ ( f f 5 f ) . 
©f til* iiflsimyli»i®s 'mmmU.mi f©r tfet ^lerinBtrl© 
Oi^plisrt »•*•» Si$It%fei»t tMmVm mmi. Fs«stlo»j J»E« Clf5t)i 
l u t e irl1»ffilii A ligr 11^ *1» i i e i t i^ i . i* 22., 265• 
Cann^, ©•!«# ^kiMmmm^t B*A, i ^ J^yefe, #*S, (ffT6)« lff«et 
Ci|.gi®ah&i7, f.*I* <t t8l) i ia.®t®j^ vltaMii A state.® ani, H p i i 
B#1M, a©3M, l»« la . 
f«tia#ie m&i& titrnt ^mrmBi imtim@l-^mM.im pr^tmim %f 
2^* ftti. 
earet^fiMd m»%sd»ellimkm I . Tim m.^ &f ^mtmrw^tm 
©f eay0t@a« t© i r i t m i e 4 In the dhiet»« 
Cigrti l , F , , Ba#i, P»L. una Ome-^ »*l* (1975) t I»i*e#««i ©f 
eeHti lar r« t i i i e l m^ swtija©le a« t i l>i»«lii# pre ^ l a s 
tn lOTsaB tttowiw* I n t . J . Y i t . Il%tr» l ^ s , | ^ , 2f3« 
Cliyt l l , F . ana Qttg, S«S, (f97«)i C©llm3jtr feisa,ing psrot^loc 
f©r (®®^ ©BBi«l® nitfe "ffitaratl» 1 iMrti'Bltjr. f» •l?©o©pt©r« 
in mwmmm A©tioa*. i^i«-«ii® Fi*»a, S . l , , f ^ « 1 1 , 577. 
Cliytll , F . m^ C^| , l ) . i , C f W ^ ) s la *l©©«pt©rs l a Horaoa© 
4©ti<»i*. C o ' l a l l i ^ t 1*^« audi M.i»^««iier» I*, ©i©.}, 
Ji©ai«»ie l*i#«8, I#f*t Vol* U f 971* 
ChyMl, F , aB« Oi^t» » . » . (1979)I €©lliilar r a t l u o l ana T©ti»©le 
ae lJ Mf^fag pr©t®l»© In irltawiii 4 a©t4©ii* F©i. Pr©©* 
I, 2510. 
C ^ t t i , F . , Ois©fl, M.» M©ii» G, aa i ( ^ , ij»i* ( 1 9 ^ ) * f^fieti©a© 
©f vltiB8tB k %m (}iff©r®»tiatl©a. f©a*-Fr®c, jy., P4% , 
01a%»«ii, 3.W., Biisiit l»-»8'*» MeC©er«, 4»B*» %i«efi, J*0 , ©^ 
Br««»i, 1*1* 11942) « 1flfe» g^iM«ai^©» fey ale©!^© ©f 
¥l t iB^» ^ fr«Bi i t© «t©f«s l a til© ttmmmBm 
C!lmtm<m,iSm ( I96f) i I«»in©l©gleal t©©teifa«s f©r ^® 
i^e ! t i f i e©t l^5 ^ani ©©tlaati^ft <^ ia©©i«©i^ l©©til«a* 
In *I-^H»rat©i^ ^<^3»i4|p»i6 in M©el!i©«ietf3r auSt 
W©l©emiar M©l^y* (W©i%, f . S , ^g^ M©f*, 1 . ««®.), 
laepth- l©lliiiia ^fe* 0o*t I'^oi^^m, I"©!* I , p a r t I I I . 
C©ckir©ft, ti^hm ( 1 f7 f )« »»tjrlt l©R©l ir©iftti3r«^«»t« o f j ^ t 
J* l©pj«»9* F©3»tl. SXi&It ^ 5 * 
Csel«ai , fc*J* ai*a St©ir«nis, M* (f95C^)8 fkm «©r©loi|lc©l 
i«lai;i«ffli,gMf ©f fecwfiise lofeey ©ll^sniB t© 
altmsd-s. J* % © ! . Cfeea, t S ? . 555, 
C©«ari» V*4«« Moifelly JJ^* , fl»»B|»©©i!i* J*S* ©lid f i t t , i.A«jr« 
(1969)* f1» f o t l n ^ y©ifalr©a»»t8 of imtm f o r tsfofimt©-
«?«n©rt© mnA 'vdei<»* lH. t* ^* Batr* 23* 619* 
': A <-> 
Bft«, I«@«t ^«r«aa, K:«» lf«ir%lij» sot* ttaS 0 « ^ ^ j r « J^. ( l 9 ^ ) t 
Dft'viire, B.«r. (1964 )> M«« tti^irlropbdircsis• IX, ll«tliea mid 
i^iflicsa^<m 1^ l^gmm mmew& pr®tetB«» 4fm« B*T. aeiii. 
Sdl, H I , 404. 
0l»it]p« IS* 
S R ' ^ « » , B»H» (t973)s Carottiift %loi^riitli«8l» la f u n ^ . Port A^l« 
• i ^ o i m A 4«fielttetcf oe tl3» Be<shaBi«ii of iat#iitiitfia. 
B«liai^» 2^^« and Mdlf, @« ( l ^ 9 ) s Vittm^s h mall piretele 
BtktemtX'*M«, ]iit t le» l«^* asS Wd3.f, 0» (I969)t ntmlm A sad 
?r0t®ia e3nit)M£l« 1^ ra t iatastlaaX wyteeea* if» Biol. 
X»al«eik» L.I1* aad «»o<-«ax^fa {1971)t TitsMla A aa4 tlie 
83rntb«ala af a l ip id eaat&inlii^ waaf^sa l a r&t IX'tmT, 
Itatr* Ear* ^ S l S t S7» 
salttaat l**K». IXainBaatB*^** Xdttl^t l . F , fiorsl waif, 9 . (197th t i4 «atalMii»i i a r a t i a ^ a t i n a l aKaaaft 
ef aoysal and "rltaada A Sa^a iaa t r a t , Af«*i, Blat^aa, 
Biopfeya. i i ^ , 332* 
BaXuKsat X>*M*y §lafar«i7«. Htllar* ^«t ^la^a* J .A. aad 
l^erwaaa, S*4« (1977) J Xn ' t a iaa l i aaa far tlia 
araJleatKsa ef vitajaia A a#fiei«a«y anA xarogiitfealisia. 
fX« Ba^nt atfirayoiaaa ia thm aatabaHaa md f^netioa af 
•itaasia A aai t ha l r xalatigagkip to i^^Lla^ s» t r i t i on . 
A rsijart sf Xataraationml ¥it«ii^a 4 Oaaaaltati'va 
^rmxp, Wm Im^t tim S a t r i t i ^ i Fcma^aMan, Jne», 1977. 
Balttoa* l*mMm (1^77) I fim i i r a a t iairalTai^at &t iritaaia A ia 
glyeoayl tf^mafsr 3*«satiaBa i a aaaaallaa aaabraaaa. 
Vit^eia lioraa* AaaiSaale fvetm* I t a Taslt* ^ , 1 . 
^ /« 0 
CB«I^^t« IAF* « i . ) , fSjffiraoi fn^* Cdi^* ?«!• 2» 1. 
protein c»g^ t@»'l tm& nutnlielia® <if strit^dii 4* 
i>tuiai#@ OKI wmtak^tHltm df vit«iii» 4*a 4Moir]^ti«B cpf 
man 
mi^l®, J*?** P«11#B3« imi S«ei^»*S, (1972)t flai •ff«i«t of 
i«tiisi{L a»i rttlnoX Mndixti fx*«t«l» om 9tibTfe^e ikmlBWi. 
&loeh@8d8tz7 «^ ?ttet«tr««»tlv» S|«t«ii8' (Aliens, ^ . B , , #<!•}, 
iMWdLlBgf Jf.-S« and Waia, Q* (t960)i flwi re le of i^lwniii A a d i . 
f«imtiOKi feotvtofi oarotAM urns viti^dn l* l io^ ie« . ilT* 
BBBEi»fiiit I^ «B« ^r*t lo«^ov»f S»j||, Jr* «iid 0X»^« i7*4« (t%*>)t 
HotiiH^X l»tm«^m€»roiiie aeidt 4 e ^ e r setaboli te of 
Dtt-fglHillr©, A .it, {t960)« IffiMDt of tritaffl^ R A lai tho ineOTforatlo© 
e©rtis pir«it#ii5® of aaiwil®, l%r» 11OC1?««B. ^Nor. S , S25. 
rol@B of bl lo Milte 1» thm npts^& of btta-earoiteii® an5 
Acta m i t 265* 
SiMi«so, H» <t9W)t Iiioi«»[i# iB tim mil fmsSmr m& ed.m ait«l la 
«xtrae©llfjlar i^ a»oe iiifteg poetsatal gTOwtfe ©f 8»i«ml. 
or^ai© In the albino imt. I*h.t'» 'fheisls, loS l l l t^iSurerfdty 
Cdltea fit^Bi Memm, 1 . anJ L#telow!, G.F. (1962 )s 
^* F^BiJfyol. Ijqp, Rorffeol# 1£, 9^« 
Jilt 530. 
Aeta j;^» 24 • 
In asiimlfi f»«r^ em m ^ i«t poer i» t a t iK»toliX« 
F«l l , H«B» Mi^  Mi^l« , ^•f* M€3)s Studies ©n tfee i»}de of 
aeti€ai of •ge^ MW of -vitioiixi 4 . Tl« I>3r80e«ti»al pft>tmMi 
a»a ftee d«fi«l«tl«B ©f asar1il.lac« teatriir. l i e«^s i , <!• 
^ , 403« 
l#ifatiTa i^s^peratiifi^ in tfe« lilirfliig of tfeyir«3d.w» to 
tninaiit «erw© pfwuXltoailii.* lloe!»i»i«tt7 |jt» 2 ^ » 
l©ealifiitt«B of iltwiAii &• l a If 5 ^ l l e * Aeta Titanliiol. 
Fete^aoat ^vt 1^ rlN»lBa» I . and lootors* &• (f9in^')t P» l^>«3.1giit of 
i*mi4c giyciso ia lito iaolAto^ «iwi*» mmaaiir gXioiA* (I» ms« of i a o t ( ^ in AtTi««lttiTo) • ^ l a ^ I * f«vi»i«. 
ledtopl* Cb»8lriph« l9 Imchaidl I«sI«A€rviml;ra ?« Sol. 
^%eia. Hioiqpalatfa tl5*70t Gttod froa Pra%fei^ tear, ll»E,» 
Fox, a . , Laair»llt C.S, aaS Bai l ia , 1 . ( f f r r ) j P»rifteatloii of 
aff ia l ty cfer««at%fm]^l« pro(^4'ux«. Bar, J , M©i^ «m« 
B»x, S» 1 ^ JolNmiMiaaan* (»• ( f ^ a ) i Parlfli^tloii, ia»S par t ia l 
<^ara©%itfii^tii^ of a c«llBtlar t a t lno l l»ladii<^ protala frms imwmi liwir* Bl©chare* Blephym* 4©ta 7t^. ' 5!^ . 
Fi4^»I-f i . , SMi^tor i , f . t Sanely* J . ana Ooo^sa^j, 3>«S. 
Ct968)t Patfeimya of i^aorptlofj of ra t l aa l mi€ i^tiitole 
aei^ la #i« rat* i» Mpltf l a s , % f05« 
F i a ^ » I.E», a^itfe, F,I ,©. aaS 0oo<!©aa, D.S. (t9€9)« ritiaila A 
aac5 ©arotanolAa* fh@ aasjisiatle eoBffarfiOB of bata* 
©arotajM i a to fo t laa i la tkm, i a t ae t i aa l laaooaa. 
Mo^aa* 4 m 1J4, 689. 
FletVB, c«B» m& m^rna, 4 . (1977)t Bjjidiiig» ist^fioxlMtiffii 
:^'ttii]*aiiii, il. imi. WmlXmt, J* (lf?2)t f^« •idiaBetiNnit of 
9nsgrimatie esd^atioB of i«ti!:M>X <^i^oxo4 id%h V»V1IM 
bii»iiiig jjprotoiB of hsemm pl^ana* im BioX* Cb#». 
2i7> 5168. 
Salf I» , Paf*:ln«o!i, C. ipsd draft• ! • (1971 )i Iffoeio Of 
oral ^ontx^ooDtiTOO oe fesoiaii pXaass 'vitiGGSfia A lovolo, 
B t i t , Moa. 4,'If 456. 
a«i|5iily, J,t. I r i n i ^ ^ . II.I«» l&ilil, #•»', ana 1WM>1, H#J* ( 1 9 5 2 ) I 
3ttd^iee of the di8l!rl%<BtiOR of ^tasedji A AM ootor «rii 
alcohol Brd of (^i^ot^nioitfo i s |ilm^»& p^roteine of 
e^^vBrekl BP»C±9B» Arete. Biodbm. Biophys. Jg , 275• 
dauipily, J . , M#lil, ^•W. ao^ B«i»«l, H.jr« (1955)« Ste^ioe o& 
<«irGt®iiOid MttftbolioiB. H I . Th0t offoct of aiotaxy 
cmrot^ioias «m t2i« eajrotimold diotrllmtion in tSio tiaoiMio 
of ^dc^oBO* J . iota*. ^ , 59. 
§ajig^ly, J . , M©fel» J , ¥ . swl »»««1, B.J . ivm (1955)* St«<lloo 
OR earot«tii^tf mitaboXien. XIII* The oar0%ef»>id 
etmpt^e^tt&BL of th t bXooi, liiror aaS ovmrlos of tho 
iratt ovo, e^em msA fros* 
0&x!ipay, ^«» Mttrtiiar, Bmtm ami Maiiii4«v«ii, 3 . i%$39)t fim 
tramiR^ort of o»rot«iioiio, Titooia A itiiS ^oXootoroX 
ooToao tb« i»to«t£jB« of roto oaii «iteielr«as. Moeboo. ^« 
2i» 796. 
*OanittXy, ^ . (1960)1 f i ^ M . Sofw. t S . 5S7. 
9o«^|itX7, J . (1967)t MotttlioXiiB of vitttrsda 4 . J .So i . X»a, Boo, 
S l i i i f HO. 
^ttlgoly* J.y Hao, M«£.^,y K«artJ5^ y« &•!• mis^  &ms«tS.M., K* { l9^ ) s 
irofeefiie Boao of oeti<»i of vitan^B A. ? i t « i . HOTM. 
y, *^ -f 
fi«t#l!i®:# i . A f r i c * ^ . P«a» Set* I I , !!». 
o«i>^rs, C F . t auifBB, J . ana J^.»aeh, » • Ct960)« ^sft 
tx*3!ii^9rt ^ 'vl^Miii 4 in ra t Mttm v i th «pe^aX 
2S» f »4 •• 
lu^msm* Jim 1 4 . ^ I»«» JJS» 5T5. 
BthlOfiim 93Bi 8if»dii^ iiotli«]re« I* Titsueia A ^id beta-
earotAse. Ammt* J* CHa« Ihitr* |Ji» 441« 
ven]^ isRallag ia r a t e . <!• S«tr« i lMSi t ^5f5« 
§l9var» J«t iooastaa* f*tf» mi& Kertcm, B*4, (1947)s Stadlitis in 
-vit^ B&m A (fito i«latl<Hii^ip betira«ii blooa Titasdii A 
l«w»la ami llintr ataraga in xvita)* Ma^saai* ^ . Ut» 97* 
91av»rt ^*9 Q&athAMt f«¥* a^€ Karlo®* 1»A« (1948)t ituSiea ta 
vitiMi^ii A. 8* €msrmmtim of !Nstta«"@a;«it#aa iiita vlt^saia A 
In tlse ifit«»tl3iia of tli© imt. Bioeliaa* J . 42, 512. 
03lc?TaiP, J . aaS R#«faainj, S,R. (t954)i ^©<*aa. im ^ , 15* 
t l a ta r* J* {t9€0)t S^B» iie»9«xiiita» af lHit#<*H k^x^ t««« l a t a 
ritme^ A» Itttat* Sam* i£» 57f • 
03.0var» J» a»g Waller. B#J. (1964)» Abserptlom wsM trrnktsper^ 
af ^ t a a d a A, Ijqp, %a ^ a » J^. , 574 • 
01©iaF, ^«, #ar* C« msA fistta, § • ! • (f9?4)i Biatiri%B,ti©» of 
xatiaal. Maai i^ protaia ia t laaaaa. t i tan* Iai«« ^ , 215. 
dlavar* Jf*» Ja^. C . , Iar8lia«v S»C, aikl Bal l ly , ?»I*B, (I9t6)* 
iBaaaoa^ eha i^a la 1 ^ flaaaa 2«tlaal Mmiim ^lo** 
pj^otala <K>i*B«Btwktt«m af' ihaa|>* Br i t , ^« fctr, ^ , 1 ^ . 
01avar, J . , Kari^&v, 1#C. u»l I i az^ . S, (f97S)* C^trol af 
xa^aa l tyf^apart l a i»la^iift. wia, ttrv. Satr , Dlat, ^ , 21 • 
1 \ 
J« (^ i»* lBv»ie|* j ;£t t i t 9 * 
0 fc, l>*3*» l^w^« I*S«, ir«Mii» M* a&a IMf»t#]»ip t * ( t f i 7 ) t 
$odA'i^ »ii» S»S« «i$ l l l»«i« J«4« <t f$f ) t f lw #@iif«¥«i€e at •!! 
%wmi»»<imTG%mm lu te ir«MB«X* St-^tt* l^-^n^* 
l^atmk^ Wlm Iff 9« 4ii» 
•^ ^mBm sm& imiM9$ 1*1* Cl9?3t)t fl«#i«i^t»e« «tedi«a 
Mo^mmm Me$3i^e» Aet* | ^ * €fD« 
9eeiiaft»« t» i» (1974 ) t fi«»iii|» 4 t r « i « fd r t a&i i r t t tao l 
§m^»m^ l>«S* ( ! f fS) t ^ ' U . B ^ Min ing fi*@'t«lji» pzw i l ^ i ^s 
^ l»«3« ( t ^ ^ ) t ¥i%aRt» 4 i » t i i ^ ^ i im« ?«#• ?i-9«« 
^^Q&mai^f B«S» ( t ' ^5) i flaaia^ r»tliioOl-*lBiiji|| prenyls. 
Aenais I*T» <^ai« BM* 3|£,t- 378* 
-^twBiM 4 . 7* mi^ t i 
'] K ^ 
sgsi & s f i i i i i * 
hm^-mif fssl.* t» f# 5T3« 
St 855. 
i^ta#ti0s* ^l» Mod* 6fc#»« 17?« f f1« 
i i d i i t i i a @teil«® o f Mmm plmmrn m t i f t S l ^ i i t i i s g 
^ « k f t 5^ »1«»B» i f i ^ Oswiltf', ^ • S . (1942) I f l » #tat# #f TltasAa & 
tF©©» §#©• l up* M @ l . H e i . J|.» f2.» 
pr%»rM«® ®f i « M a f i p i l » i t a t # ^.^^©lase a c t i v i t y i n 
ast 4If@x^« J»4* •!.»*)•, tim Awl t ^ M i i M a g 0$. f»e*« 
lMi'fes»«i^^[Meftf©tn»il« im tm^rMM e&^m&in «riqpN»ie%« 
'i > 
Haaiji*! ©f f«^2iiei Madtsg p r o t ^ s e^^iii^d f^ p<»i 
mL9Tmm ^«0 f«tl»03. Mi^«ai3«B pir9t«iii ana Im^m e^itim. 
Calif. T l s o ^ K»«, gt I20» 
H»i««ll»i^y, IK. iiii I « a l a l l , ? . S . (19!^)« J . I x ^ . ?m. 
65• 64?» e t ^ a ffes *A Baj^ E^ cM^ of l^E^»tt<^ 
2w!«a^l«gf* (ta^lvwt'* §*P* «d.)« Ti%a« l^%liehiBg Hoaea, 
Se« Baiyr, f* Iff* 
ie.i3»Hft* C» and 3iiaf»» I»I»« ii9f^}t Sff«et of 13 cl»-*vitaadn A 
tlell#r« ^» (t97?)t Obaaraotexl^iitiiHi of ^evlfi^ flaana 
rotliiol MndJUBg fx^t t le latd ovIAimec for iMimk of 
Mi^bUi^ Mtii»@fi i t imA (S^hmr lN»vl»« filasaa protoies* 
J . iliol« .l%»®« 2Sl» S^9* 
Boffeopt, ?• < t ^ 2 ) t f«cteltjr ef 25^)0 lU idt^ida A 
ia>«irst R.ll« Cf9S3)« t l » o^oat i f i© ^aois for i^gardiag 
•Itraila 4 aoi i t a «nale^«»» aa anti-eai^iBOga^o ag«iit«« 
?roe. Bat?* S©c« | i^ , 83* 
l ^ i ^ , 1 . ^ d l^^b* £« Ct94€)t 1 ^ atate ^ vitanin A I B 
IxtOBMB oof^ m* ^At* 4m lxp« Pm%kot« |X» 3t^» 
Mlljsm&*Tt l>« aiJi ^ i r l i S ^ r t i^ *S« (iSTTh Titi»ida 4 . 
Imteetiaal aliaoffti<m in 'vivos Xafiigiaiiea of i«adli»il 
faoturii Oil t f«mi^r t* ^ * I* VISfwi&X» ZH^JjStl* * ^ • 
Bopp«» t.^Sroff, «r* iiii tlaira, «J» (1^1 )i Oltaa iu Oitae. 
^ 8 , IS , 8 5 ^ » f9?t . 
Hra%«ut» ? . , Buaaali* l*!l*, ^ ^ r , ^.X.., Olf^or, 3 , and 
ai,«riwnl, i*4, <ffT4)t l^txmatrisetiBii^i eliaa^e la 
livar® of two fa t louts idth t^fpan^t^Bslaoala A, 
iamr* 3* P&^MSL* 2£t 451* 
4j IK,- n 
II» tt«5* 
Tfit^^G 4 . l^rlt* #• itttr* 5,» ^ ^ » 
^tcfeings* »•". and S i ^ t ^ , ^ . (197A)5 ^ effect of 
|®ri#i «i l»«i»taf Mit l^nr»l^»i»t In r a t &ttmpri-m» 
Oliitt* 4 0 ^ 3SL* f t i t * 
# 
Oxf^^» 
I»J«r, 0» (f97t)t ^ . 'QiK^t^iKiii©* (Iia.#F, 0 . #« . ) , ]^. t57, 
Bii%l»ae«r faring» MmmX ax^ S1«*tipfcrt» 
X7ACS fi#p«rt (1979)« Il«««iat a«'m»c«« In tfe§ netat^olles airf 
fimetlaa of vitioka A aad t h t i r r#lati«a«Mp to applied 
imtritlCBTi* VI, A i«»ort of tbe I]»t#i«atl^)al TltaMii A 
IfACS E«p@rt C l9^ ) i fis« «ift "I19B of Tltasin A. A mf&rt 0f t ^ 
la^tismtloiial Titiaitm 4 OwiOJltiitlif* Brmtp (tf^m), 
iaamhi^mt I*l<» Ct974)« fi» ia»(s»«7 gli^s^ m^ l^ctatlcm. 
In *npk«i5 F1^8iol«^3r of IH:^««ti€ Aal»il®* • Pth ©iJtion 
J^ «3nm3®»» ?•§ ft«i<«l3r» •*"• a®* Rn i^aBTaiit ^* Cf9^)« iff*et of 
i l«t i t i^ fat en i^ii#tipti«m of ib«ti^eaf^t<^s« tr&& j b ^ ^ ip|^«tabl«« im dlsd.MT*»» &«• «r, Med, !«»• 2Xt 53-
T^aiarTtts* '^A* Smr^A^p K* aei #«% (^ml|r» «7* <t975)t Iffitet ef 
a^lAtioii Of ultMdii At f(fli<»«#d l>3r soppXim«iitaM^ 
n i t b z«Ma]r3. ««»tft^ @r i^t inole ii^<t ee tb0roge»9i«ti«i 
0f :pftt I l m r * Mtmhmmm im i | £« ^ 1 * 
4i f - ''7 
i ') i 
^^rnsee* B.C. aaft Votf^ d« ( f f ^ ) i f^ f^taettea «f idtsBlB A ia 
JtiUi«m» 1*C«» £imiw4l|r» ll« « ^ C%i%«» S. (t969)t TitM^s 4 
«Bi tttt^ftsr BS4 ffAtiMsia* i»»r* ^« C H K . Voir. 
A«f!t<}i«ii€7 «B gv*(Mr1^  led A -^vcil^ paABt ef HOM aftl* rat 
gXa!»a«« ^ t r . l»f • l»t«TBat. 2^(1| . $99. 
J«ill, 3«« ana 4f«B|ii^ li* Cf9?S)t Avltiwiii^fiis A« ^flSiet of • » 
im gr^rtli KBi 6«iniX«piwKRt of fifties in rftts* 
l^tF. K«|s« J^t«i»»t» |X» *^5» 
^e i^* fmB*^ ^tr^^t 3*I» «Bd Saogvlyt ^* <f976)t Sff««t of 
^ t m ^ 4 nattlttfni^ atatsis m> i|x«vtii of •«trog«»-
^Oildy 1*0« «Bi Hiftfft* 17.K. <l98l)t Ifl^iot of Tltasitt 4 OB 
nderot^lmlBs edr i»mt l^toiii aaii li^ 9*i*« Int. J* Tit* 
JMliiy i*C« (tSS2)i 1%ti»l» A« »i^<H»%«I«s ««d i]itx«««ll«Iftr 
tWMiBpwilt ta xmtfr. I*li,D« fii«®l», HsivBrstty of l^tlM, 
Dtll i i t lwAi»n 
<re^i» H*C*, SrlTM^iva, »*• B«JfAi, 4 . ana Misra, ll,r« (19S2)t 
4 4oti9 iop«iii«at r«iati«ntilil$ %«tif«Mi vita«iB 4 aatf 
liriln tm^liii lif>i#« la fltaala A d@jtlal«iit m t e , 
2i!t« J*Vit« Ihitr. Ion* ^ i H , ?95. 
^ot^» B«€*, ^tali^* l*B»t triviKBtsipa^ S* aai l i s m * ^,i:» 
Cl^3)< la^ pslTwA asfolii^liflfi ia xm%i givoa «xc»«a 
vita»ia A ^90amXwlX^m lat* J.f l t* fatr« Hoe* 22ii l* ^9* 
Jiaigalv«3Ui, F»B« mH ^^sm^ ^*^* U%3)i I»d« J . Bio«i««« 
jr*b«|wtf^, i:. , ¥idealttriii« 7* aad iliitewMd:, a. (t975)t 
<^t<ilegieal Btiiiloa ef f&tHitortas e«Il8 ia t ^ li^wr 
of i»te giv«a largo 4o«is of 'vltwala 4« l^^iv low Biol.* 
J^ (^ 9^ f 8o • 
Kaao'^ y ^«1« aaa 4iBft^* L« (l973)*^ffoot of dioton protoia ea 
^10 iatoatisaS. Moanratlteiolo of voUaol frm C«%otft« 
oainB'tafHi i a TOts* ! • Satr* jmx* ^^« 
1- J C' 
Kifflt«i» l«t]^Hi« ^« i»^ ^m^sam^ ^•^* Cl9€8)t SctiBDi Muring 
tm^&9 7», O d^o^ b^ a* B«i«» Ca»fi«ia» t«l« ana XoirtiSii, F , J , (1974)t fk# in^bio ft^i seq^ei^* ef hamm -pls^mm 
sM ali^»Mat ef tli« Hvft i^ r«ii»^«fi ^r^xiddia fyagmeiits 
S* tttpM Mm, ^t ^ 5 * 
Kmrmr^ ! • aond @d]bM«»ii« ©• (1955)« Car©«encd4»» Bf«tia#, 5 .A, 
f a n * ? , P. «IK!. l i ^» t» r , S«fi. (I950)t Sjmtiieaft VOB (saroti7ioiiei}« 
I I* f#tal ipi t l*«« i»«! -eai^tii i* I t lv* 0Mw. Acts* 
S . t t72 . 
iSMSimmp &•§•» ltiE»r* l^»i*« Bt^tij, ^ ^ . f li«rii«r@<ii}, v . i . . 
f i r s t s , C » C 8peim« ll,B. and Saff to t t l , tT. (191^M 
114 8ittiil»@liffi» ilk tiVM H^iiuL flrpiiiieMuss al^rmtlUB 
In hmmtmrm fi#flcl«iit im i r i ^» la A* Snienee IT?. tlO*?. 
glfee^TOlm^ HtmpmmmA i s vltmAm A Hmtleim&isy in rmt$ 
^^^'*«ief^l6tasJli@« J* Sutr* tQf. t€f§* 
temlm^ C.J, (1948)1 B»Xstlire M^Iocieal ac t iv i ty of Iwta-
«sa3r©t«ii8 aaS -ritaata A, Arflto* Moehfina, i ^ , 557 • 
KwiMt^, »»I . t C#i«ir®31# !)»&• imd OneilBf, J.i.# < t9^ ) t 
Irisilqr* S,I» Cf^f) i Car©t®^i p]p©t««ti^i afstiatrt oxiiatioii, 
fur* 49^1* ( t^aB* 21,, 649* 
1 
witfe pr©^»tii» i a r a t lii«T« i , liol«%«ffi. g21» ^2» 
Kriidaiyantr^yt 8*» M#jl» ^•S# ^ ^ Aiifii«ir«, ! • ! • (1965)« 
l«ie«niia« Mtft*, aie&«!ieii;» R* &K!^  Ola^a, ^*A« (1972) s 
f^ETlfie&ldoii «E^ ffNS^rfeieii of ear©t«B« 15»15*-
di03i^ p(»iMMi ^ i ^ M t totosttsft* «!• IdpiS Bfts* 11» 477* 
(f97f)t ffit]r«piii %al«M»* a^bi^ffl^ oa^BO aM4 a9ta^}ioa 
amd 4loo«Htmoo^  ai^ioMlKi in t9^i&lj inam^Ni ^ t o a t n A 
S^fle&eiiey* Ih^, Fro«, ^ , 918 (Abet. 3954). 
JmmmtX^ C«B« ( f 9 ^ ) i Qa«etitatiim es t lnat iee of frotid&e 1^ 
olootiv^lioroole i a a^ureeo goX <»mtiti]itn^ a»til»o^i6a. 
It^it^ajra, %^m {1957)» ^ t)m infltienea of -vitai^a A mpoa 
tlwi eo»t#»t® of noeloie acl4l.« ait^ th« a^rxitl^ei® of 
prototo l a %^ osganiffii. By«ll. Bki^t l . H o i . ^ l a . 
44.* 57 • 
I4»aa, ¥, mn^ Het^a.Bio, B»l« (1977)« Bffoot of aa^maX 
fttai^Ui A oxooso oa S-tOO ia soimataX rat ©or^fetlltaii 
a ffz^liatfaarf ataiy* Bar. P^«*t©Mo.t« iMSl^ "^^ 1 • 
Madar* lt,0».|ita^7Ma» @*S* aai AaimralJLi* I . ( t f?t)£ 
C^saatita'^'vie 4iatritet^<3m of Yi^»da 4 I t^ffar ee l l 
aaA liopatooy^ |>i^io2.ati«i of T&% l i t rar . # . H o i . Cfeaa, 
Mag* l.K*, IOR# i»C, ai^ Poi^tar, ^.W.a. ( l96t) t ffea eoq^o^tioa 
of i^lir imS ^ » a i i lx l t iw valiso of i t « ooiq^roeata. 
Xat ^UlEt f te MaaMary 01aad ana i t a daox^tioa* (IOB» S.r, aai Coi^a, A.f. ^ a . ) » A^iaeaio Tmrn^ Saw Toi*. 
M a a o n , i,hm w^ ^ p h i » , f ^ « (1974) J i f foot of i a t r iiiMwiiiy 
a p ^ f l a l tafteaioa of aawfit ial an^ao a«ia.g in %'km 
lAiB^L^m ^ a t « . # . B«Ary Has. ia., lOf. 
Mmt, &•!*» t@&ft ^*^* 9^ %riif««, 6«0*i« Cff81)s dm^mrimm 
9f ^rtos&i Maitiig ^r«t»iiNi fw«m %«vl»« retiiift* deg 
It&'Nmt ^* Ct9@@)t lff»«rle «f v i taa ls ^ wmiS i t s analogs 
(t9ft)* Px*0t«l® •tasttr«aii««t with folia Pfe»i^l f«a««itt# 
i* M e l . cij*«» |j |2» 2€f. 
Iai^« ^AA* (f969)f *^€HMi p&8sibl# rdles fur 'oit&ialit A i s 
Asmrm J.CllR* H^tr. j|2l* 1035. 
K&had«imn, S , , 8a»t3^, P.S, &M Ganguly, «!• (t965)i t>t«^ie» 
rni tm^hf^iem of ndltsaadls ^« 4« S t ^ i e e on tfee a0d« of 
Bio^iiB. J# ^ , 531 • 
of s^^tini^ bii^iag proteir. smd i?ltsyEd.a A dmrii^ hypeir-
leCollim, ! , ? • mi- ^irl©!, 1 . {19f3)s f^ nme9me^%s ©f onrlaiii 
l ip ids l a tise d[l#t ^iuriiii: irrowth, # . Blel . CIH»». 
!li»lAr«itt li»S, (19^56)« FxMid«mt feBO*l«dg« of tte«r©l« of 
^ t a ^ n 4 1@' littalti mm$ €l&simme,- Trans. Roy.^ie. frop. 
medp f.E,., tM!^ 03<liiI3.« S.FuF, iofiCo«ayi, r.lU (1939)* 
Crystaliia* es te rs of • '^itaffiia A, I , froparatio^ aeMS 
profertiea^ I I , Sioi%Ti<»l potency. Moctoem. Jf. jH, ^ 9 , 
of'^et® of retlMQH&t Poseifele eonrolatlc^. irlife 
to%ldL%* Areb» Itocfe*®. Blophye* g ^ , 14» 
i U 
1lm$immt U$WU Bm^im^ttm of mmll mmmtm ef p«atoft« 
$m W^»» Wmm* igS|» 11t# 
mmmm^* ?•• S^i i« iA,S. *wl Halvi^i* S» ( t ^ ) i R«XatloiiaMp 
^•|«»«« «jqp«rt«wst«l. hmnmpf^r^mm mMe^imgewmeAa lasd 
}^rp9vitfl»iiioei8 A to tfe« f««^fmt©fT tyaet ©f mtw, 
mmrm, ^4 t . ws^ Sj lw^twm, S* (1974)i Sffstct ©f iritanlii 4 
.Kisrm, {l.I« i ^ IriiwitKVitt ^* (tf7€)s fltfodm 4 mM l i ve r 
l i p id s ef tiBna^tlag » i t « . M ^ « l^©n*^« ^ « ?^f. 
T^ka&wS^ 18)^  '^ vA« ^* (I974)t Zg^at ioe miS. pftr'tiAl elmrfte%«iri* 
»iti<m ©f f«ti^i«^ Madl«g ]^r©t«lii fi*<m eMeic«ii iiiase^. 
l i © ^ t t » l i ^ ^ » # Ae^y ^j^^ %f» 
Jf©@r«, t» <tS2$)2 Titttata 4 m^ em^tmmm I* fh© »e8©<^«ti^ 
ll©e%ftm* ^» ^ » S05* 
lle©T©', t« (1f3C^)t Tltaaia. A aasM m.m'imnm* VI* ^i» eosfvxvi^i 
©f earot©!!© t© ^ tmaia A l a idlvo* Bi©i^ ©»« J , ^ , 692. 
K©©i-©, t« Cff31)« "^tUgdm 4 ftai ©ar©t©a©. ?1I« flai distyi^iitiofi 
of i^^nd^ i tm4 tmrotmm in th© ^od r^ ©f the r a t . 
M©«^NHB« ^ * ^ f 27 f • 
M©dre* T. ( f 9 ^ ) i In ' ^ t a i d a A* (Ko©re« f • ©«•}, Sla©irl«r, 
imtt©riaBi* 
ItehiXAlyH* ^ d 9l9v«r> J . <t9?4)« Bffftete of di^tasry 
<l«fl.et«a€i-«« ©f pt^efj i iraii .r«timol cm tlai piasa© l©iml 
©f r»ti]!©l«Mxi^ii^ l»r©t©iii i s tli® r a t . Jl» »«tr# 
^ihiXaXy H* m i 01©iP©rt Jf. Cf975)« J . l l©<^«. Soc. fraw©. 
i » 744. 
Mnur©* S«V* tm^lM^, km (i%6)t Sh© d©t«r«tiiati^ of fnielci© 
1 f)^. 
ma%Ot t . and 0iio«mB, B.S. <f9^)« %tiaiiia A tmampwtt i » 
Mi^aii^ t r » l« i a . ^« M ^ * m>m* HX* ^555* 
i Q ^ , T«, 3 s ^ ^ * J * ! . , m i ^ » 3P.0. asii ^^eamrnt B.B. Cl^?2)t 
Bifi:iilati«m. #f r«Mii»3, M»«ii^ fi«©t«i« aM-te^IiisB ^ 
yi^mln 4 s t a tes l a t!» m t . ^* MiO.. Cimm* giX, tS*?. 
State, T . , Ssttfe, F.S, and $9«d^ait» B,». (1975)« C««atiMv« 
plasma ef i ^ iwwiwilfMi «iii »«»t^Mi«3.i«n ii»r%e%Tat«9. 
W9M« i»T* »«tr# S4«t* ;5t, 45. 
eimz«MErt4irieii%li»B ©f f^iii^it RB?, jr, Sio#M«. 22.» ?^« 
Kat«aiK»i» A,il., mtaiiai«^99» 3«I . s»^ Olaiirftv, A«7« (t96€)t Eol« 
i s r a t s ultfe ta^rpofiritaxdlaoels A. ?%«• Proe# 2S» 59. 
Jfatl^Ml R#^iar«fe Cesoiidll Cff71>t la *Matrifieaal M^t 
of P^j l t i f *• $ ^ t^-^rtae^ a^lt ioB, »at* 4atift« Sa l , , 
Mttmml Mmmnmr^ Cenadll, Cf9^)i la 'leaomeaSatf Platar^r 
AilawasM»»a'« ftl^ •titlORr fooi 4 t a t r . J^€^, iat.ASaa. 
KKI«II., M»» ^!dtb* i»Mm sai taeiaaat B*a. <f97?)i l^t plAana 
pr«iiI1aa^lji« MatalMlia a^a^ee as •ffaete ^ v l t^da A 
etataa aai on tlaa«w ^latiil»atiQa^. #• Mfi(l« ca»a. 
^S8.t 5t07« 
Ifts^oeiar* HJt* ana ag^iM^i^vai^» K*B. Cl9f^)t MetaliOllffiB af 
fmi€diai« p^ i f^a faa mn^ a l t n ^ a a l a Istyp^mritmAn^^lm k 
la 2ra*i*i€ **%«• He^ww* J« §3L* 544• 
Oteli i i l . T»» lanl^airfty t»t ^i^«lift«a, f« taii Kaaltmaa, ! • (t979)f Jiatt^ai^r af iae t af vl tas la 4 . 9aa t a Itngafca 
Olmm, 4»A* {t9€f)t flta eonvan^cm af racli^Mti'va %«ta-aarat«8* 
l a t a "litaaltt A ^ tfca « i t la^sst iae in 'ti^pa. jr. H a l . 
l 6 ^ 
of %»t«!«eftr«-l«B* i»t« ipiti»lii A %9r «i3»bl» aaKirMt of 
wit Umr *»« ltt«»«tiM« ti-oe. ^ t l . AmA* S<A. 5t» ' W ^ 
Vlt«K« Horn. t£« 1* 
6Ia«n» J .A* (1969) > ai«ttt%«ll«i mA fonetidB of vi^Mtn 4, 
flia* Froe* 2iiSl« ti10« 
vltai^La ^ la **t l l w r eollit. ^. Ifetr. lf^C2>. 84. 
OBOft, II* «sS CferHlf F« (t9S2)t !le«li«8iM of ^taMB A a e t i ^ * 
^mm «j^tmfMs$.mk ia roti&iil ^ttflMmtt rats , ^. H o i . Cllio»« 
ZSl* t4570* 
@Bf, U.i. oK^  €lirtU« ?• (f974)i MoltliO.* rotlBol b i^ iag 
»roto4fto id n^^it l9i^. MoeNm* Hopl^o. foil. CoiaM»» 
^ sat* 
Oagv I>*I« Md cagrtH* F* {t97!S)i Bo^noto aeli %iedlia|i protoia 
in f«t Uooiio* :iPKrti&I prillcsotlaa aisd emp&ilseR ^ 
f«1; fttro^e mt$B@l Mn^li^ pro-^iii* jr. H o i . €%•»« 
2S^» SI 15* 
(^fy Iim&*f3hm** ^•^* «>ii <%rtiX* 3^ « (t97f)s Bolisoio oeid 
tbiaSiiyr pro^eiBt ecetnTWiOft i s hsMaa taaors* BetonoOt |90. ^ , 
C^y ]&«E*t fMti« C«ji. Aad d^tlXt f* ( t 9 ^ ) i CnHnlikr 
TOtisoX«4iliidIii^ |i^ zi>tolii msM retiBoie aeld MjenSiag 
protoiB ia y»t too too s Sf^et of T^tlnel doploMon* 
^* Bills'* M t i l * ^ 4 * 
l ^ « ttm^m msM QiffUlt ^* (t9?€)i froo^Boo of rot in^ oaA 
yotlaolo wsld Mniiag px^tolas i s ox|Hiri«i9»tol ^mefrmm 
CSOBOof l o t t . g, 25* 
Qng« 1>«S. aBiA C3i9rtiX» f« Cf97Sa)f Coll«tlor retlsia lilodiag 
»rot«ia frott xifct 3i.vti'» Fos^fiootioB ana ^of«otortsotiMi« 
Oi^ » 1D.1. i^C)i3rtiX» f» Cf97fl%)> Otllnlar TOtiBOie ooid Maaiag 
px^oteifi from imt tootoo* Fuurifi option muSi elioroo%»riofttiOR» 
i» Mol« <3bmmm iSl* 4951* 
Qm» ^*&* 9M Oaartilt f* (I979)t SMno^^iosimi ooBifoxlom of 
yri^miM A Maiiag preteino of i^t , J. Biol« Cfeo®, ^M* *T55-
•i li t-
ef ^ n ^ a r t»taB<»l MUiilng protein f « » Inmim Xiy»r, 
Cane*? Mme» #| '^f> ft>35« 
0^»«iii» f*B. a ^ l!«»liat J**B« (Iff5)I Bi« T^JMUmm &f 
0«e%trii>iify 0» ( t96t ) i JWlf^ mifl® la g©l» laatlieas for 
J^moll* ^•l?. «B« aanKWi* B«S. <19€2)t %tf9e% of vit^iala A 
«ai k#3«Miiia»-liefi ia "^ ® v l t ^ d a A dofleiont r a t . 
la *Fa»3i«0iitais of I^rtttiai^g^Mmi* ( i a t € ^ f » 1.0. anA 
iOii»a#®.t t«f« «^«*>t iwnr* iiisoo* far t l« Adipsaoftiieat 
of Se^f WanAiiattoa B,€«, I f4« 
foi«iir&9 3«M* ^»4 Mmmp A* {f9€9)t i t ^ i o o ia t ^ pruvoatloa 
of i l t o ^ B A lofleioai^* Is&m ^« llo^» l»« . ^ , 1€2» 
^TOiTAt 3«ll« aai B^ii»« 4» Ctf73)i ] ^ t # a t i ^ i of slagXe i»ia«iiro 
io«» o f Ti-y^sia 4* 01ia« i o i * 1IEI1« Pe4» |^» 253, 
lonnial* A,B*, I«altiiaMn«a« ll»B« asJ C^ta^ S»!i. (I9€8)t Sffoet 
of vitiostla 4 aai IT «BI mUmt If&mmmmm ltoo^«i« Mojp^ F^o* 
40'^» i 2 t * ^ 9 » 
fO'^reoe* f*4.(ff7f*)> B«a^t«ti^ticm ia aor^n of 'tiio 
^^a io iogioa l fof«a of tiaa iemum fot iaol Madlag 
fret«la« l&r« ^# Cl la . l a toe t . J,, 45?« 
P^^^rmm, :P«4* (I97tli)x S'^rdiaa on lfe« iatei%iotl«nB %«tii««a 
fs«al^«i^yit i^tiaoX t^Miag protala aaS vltaiBia A. 
J* l^oX* ^btau j^y|i« 44* 
Fotoracm, f»4» (tWf )t ^i»amo%«il^tlCiii of a i r i t a^a A 
ti^siai^^^r^ag protoia mti^flmx om&ni.ng la Imnia aer«^* 
4* Mol* i^NO* ;^4,|.. 54* 
l^^rmmf F«4, ai^ Sxiig.saf^* ! • (tff1}t laolat ioa aai 
J r&mfr^mm of Immm r a t iao l ti^^mi^^ortiag f^TOtaia. 
EiHRiMifto* F* ai^ f a r ^ f t * B* Cf973)f Stadiaa «e t ^ 
t3«aiforl aai oallmiar SiatHb^titts of vitaMia 4 la 
mmmml aai vt'^aiia. 4 i« l ie ie» t yata vl tb apaoial i<aftfiHioo 
to ' ^ e i^t«Bda 4 Maiiag piaiin& protala* 
4* IM.e3l« €^Ba« ^4|f« ^}0f * 
l y 
?#to, B , , Pell t I . , a«iiMitirt ^•^^ ^^ %©ra* H«B. (t9BO« 
p« 71?, Mi^^bmsLmit t9rlmt S»^ i fs»d S^ t tg s r t* 
f i ^ , o.A.«r* (ifT8)i Ai|^ia-i?»ti»^* ^ a . !•• . Batf. m«t. 
of vttsmlA A, lhr©©» l^tr* !©«•, M,f 1146, 
l*0lle, B.B., S|iwdfel»rt »«*• md Custer, <I.H, (tf^O)* Isolation 
of a eiTetalli»» all«ai^a frs«i siHr, # . M e l . Gfewp* 
JLS.# 54f • 
P««i3.tt» !•»#» Fmirrmfe, D » t ^ # t t ^•S** SMia^ck, C.*?, and 
^i1M^0©, 0* (t9?5)i lo« Rolsettlar weight uTinmj 
i^r&^SMmm t* Partial, msiai^ mxsM @%mms^mm of tl3i> 
rettiH»I feii^liig ^rotftlne 0f a»ii a i^ ^og# Hoi^tlsi, 
M e p ^ s , Aeta 4 | g . '^€* 
i^mm»* fh»B* f!t^miM^ Agra llei^«ii^lt^, Xadla* 
IsffFOVSKiKst ©f t ^ netjrttiiw -««l«y» of t^aatoefi. Cmermtt 
Ff««o^aii^f%* B«l-*ir 7ai»ait1^ Mi£m|aEt» "fmMm m^ 6aim» B*E« (ff76)t 
<^Tet«it^<ls ia ft^dLts mn« flowers, Frovit&irtJi A rleh 
t^isatoea. v%A* toy* i»t i». Ciot. i £ , t54« 
Ei^i^M{»fei^t ^« S;! ill* ( lf1^)t BtmMmm «« eakTOt^ iift 7it»idLii A 
with T«fat^ to nvtxltieiial @tatiae, iitlllssation and 
roqtilt«raffnte. Wli« lev, i n t r , M e t . 2|., 162, 
Bws, 0.C., SM^i^ai, F.A» ana «4«i^, 1I,I» (1979) t H«tatle 
lysoeowil ^^a^fitts li* yosaa^ ratg fed r e t l n e l , 
l a t . «r. T i t , mitr , H«f5. | £ , 21 . 
Ct9f§)s Is^at i«m «*^ <^iiraet#iljgatl€»i of blading 
pT^^nm for x«tl>iol fren the oorl^sol* fmcleoaol 
eferdwitiw ©f thB mUt&ct Ragmwa of l iylag liofia. 
Sloel^eti. J» Ml* ' ^ l * 
1 0 :; 
1»© p ^ s i e i i ^ e & l f^x«» ef ^ e hsmmk r e t i ac l Mas lag 
Sr9t»iii i i f i t i ^ a i in '•t^Bstm A meA a i ^ s i i i e ccmt«iit. 
mam, I,,f«%«r»wi, ?*A. «ia B i e r ^ , ! • (1972)» I* C«Bf©i»atl«B»l 
t m ^ , L. aaa P«t»r»iip, fjk» if9f€)t In iritr© u^t«l» of 
v i^adn A f^ r^ tt ^ « r e t ine l Muting p|ja«H»ft |»irdt«la t e 
BueJt, L«, Aaia^l, »• sat ^t»r«<m» P,A» (1979)8 '^m priwmrf 
mtnxetwe^ @f tbft liBwaii s^iiaol MMiag i^r^ttfis* 
I1B3 l« t t« J ^ « 55* 
t a^d j , f*S« asai U^ama, A. (f^5)i- Sfftet of imdesimtriti^m 
miiS 'sl.tsHBiii 4 aefiei«rsey <»i tli» f&o%1be31pid 
e«iip^itlQ(Bi 0 f i«% %ij|{m#e ftt 2t Ai^si o f a ^ « 
t» MVttrt e^«»9 81^ ld#f}e:r« Xst* J . f i t . ^ t r . R«ft« 
oHl iritaBis A a#ttei«iicj^ en tfee i^oi^helipid eei^o«ltioa 
«? imt tititfSMe a t 21 i i ^ e ©f a^«, I I , liai^, l»«r t aaS 
tea^©* I « t . ^» % t , Satr* ! • « • ^3{^,). f, 
m^ i t s C^^ h«Mil.«K« Art^* Hoebes. Bi0|>%ys« J i , 22$. 
^%w«r©, f*a. i^ Bd ?«aetdda, S, (ff76)s l » e t . ^ , Ijrp, S i e l . 
l iWT. Iwi««t» Ofttealael. ?ltiml Sei« l j | , 1110. 
^Aalil.* K.. (tf9D)« %p«nrita«i»oMs i in th® r a t . 
S©di#r, ?•«. ClfTf)» Oowaiati^i %et»#«» pr9iimtikUy-i»diio«4 
alt«mUo»e in <MB ©til pc^lat ioi ie gmd peetaataX 
Ite^^isi^* f a i r a ^ l . | £ , 235. 
167 
m9lmt 0*A*t ftm.%t » • m& @«i«, A. { f f i5 ) i l f f»e t« ©f 
a , 355* 
< 1 ^ t )t lii®Wfi^ Of«M@» ©f SF»'4c-^r»€gBia© l a adlk 
©oi^eii^Bts ^ -ttit i©©l©tt4 ^©rf^siid foa t i^a©r, 
&r<^* 1^t» ^ t i l © l * l&eeltoi* J ^ , t03$« 
t©g«r8, ^*l«» IsieiS^it B*^* ©1^ ^ii^f?ift» F«M, <1fr3)> 
Ii^ln©^©© Hjr iiiiftt^3^lli3rdf«siit« ©f iiit©©tl]i©3. 
^mT^M9m». im a©i«iti r a ^ m^ r a t s fNl Msl^ t ox* low lirv©!© 
©f iRitaida A msum^m ^©# J i » 1003 • 
E©©e* ^.C** fa^aliaaiii* 1*1* «e^ t©©di»sa« B*S. ( f ^ ^ ) t 
1%« %lftdtef fj^i^tais tor i©tin©3. i^ r©^ tmt tatrti© 
^Immiil*. l a o l a l i ^ ^ ©si pa^rliai (^©f^ett^ilsati^m.* 
!©»«# ^•^* »8^ So©ai^uR, B.a . ii9f§)i l a ^ r a e e l l a l a r MadlBg 
p f ^ ^ t n a f©r y«tl-»©l ani i©tls<A« adldi Ciaipaiiscm 
nftfe «© |^]! ©tlwsr sua witte &%rvtm. fotiBOl Mndiair prots'lfi, 
Bia# F5*©e. ^ t 2915. 
^ e « , A»c% (1^82)1 ie t l i a i l #«t®rif lcat is© fey weaasai-f glmiA 
^mpmmm6 frmk th& |A©*atlas r a t . 4* Mpidi B©s. ^ , 131. 
B0jmee^ ?* l« , %r©irm« l » t * f « , lawalls* £•¥• . l i s b a t , ^.A*, 
&l©e©, ^»M* m^ laa^r©©a, J.B« (I984)t l» Ia t i€»^) ip 
%9tii@im vi ta iAa 4 a&i %ms ^±m»m% l a ^T<mie r©tial 
f&^lwmm l©flr©et J ^ , 2* 
S « w i , ^ . C . ana f^t^rsmm^ S* (1976)i S©tl»©l l i l i^iag 
;pr©t»l4Ei let !»©tiffi» iwtieias l a o l a t i ^ imS p a r t i a l 
cis&i^©1®jril«BMs«» % | i . ly© S»a. gg,, 4S5. 
a»a i* , ^ . C . , ^ t t « « « a , S* ae i Mm^^^m* ^** (1978)t Ccl la la r 
i©ti»ol oM r « t l 8 ^ e aaia l^ix^lj^ p r a t ^ a e of hwfine 
r a t i a a* ^Pii . i tf i^ti«e aad ©liarae^xlimtlesi* 
J . Me l* &3msm JlSl* ^ 3 ^ « 
mmtt BJP. ^ a la»«Ti*«, C.g. (1978)1 Paxlfieatic»i a i^ 
prep#rtt©8 ©f i^Maai© aaii . Maifaig py®t«ls froa 
3 
laeta-t l i ig wwiiiiiipy t i ^ i » » « XB *M«t»3T * i i f i ^ a ^ 
1 ^ f » e i l « t ^« ««•• )» l l«i»i i F i«wi t ff*v Tei*lr* 
Ssriailiftiry S«^» ( 1 1 ^ ) t f i « i f i »M€ i i o f • ! t r a i l s A a«f lo le»ey. 
3«3et<m» i « I t . , l » h l » J»V. WBS B M M X , 1«#. J r . (f94S)s e t ^ i o s on 
emrot#Bi^i aotmlNatifHtt* H * t)N( i*el«ti i i« Brovltan^bi A 
mmtl-fi^ &i emam^m whsn i s t i ro i i teo i oi^dl j r aa t^ 
ilifldni^f i « f# ( t ^ f5 )» Ifeii^^Rii^. o f ooavoralim o f bota-e«r©t«a« 
«tKl ii|N»<«%o^M>«idro%i$iiotd« -^ ritmBdm A i s ra ts asd 
Bs3ig33ios«, iBSift* 
^ M ! M * K«V*, M f t t l ^ , a«M. aaa ^«agta^, J * <t9?6)t «3tii^i«« 
o f d i f f U f ^ t i^NM»otfti-ei^fot«i}oias I n mtm am& ehielroRs, 
Mo«^iw» # • i ^ , 5f7» 
^ f t r» i i« B.*V«^«'i i^r«i«lf«^ l^«it^ovglm» A.A«y l^is^ li«C. and 
^m^pgilf$ i* UWtst i ^ » l i * « oil ^ « s o t a ^ ^ i f t i i o f ^ t « « 
eof*ot«m# anS &po«%o^i«eiurot«aolde i s r a t « sad ehiisSe«as. 
M o ^ « R * M&^ii^* ^ o t f t i J i l ^ I t5« 
Boii«ot« A » l « , % l « i i ^ y P . , i i l i i - ro<^»4^. a i ^ e t iw ie r , ^ . 
( f f e t / t lto%«py ^ t M i A a A wM r i s k ^ o^neor 1» tim 
i»irtosfj « l f t « t t i e o^^ j r * X.a«»it gg 1185 • 
g|fBia«» K«£* ( l 9 S 5 h TitaMLa A aad Mo^iassLoiil a o i » l o | » ^ t o f 
l ^ i g aad fe^urt i a ya-fe* F l i # l . ^ « e l » * Hs ivondlT o f tmlM, 
l b J 
SiU#e«a* K»^ mA € M ^ » « ^ r » 6*6 • (ISif )s ii»ii« Er r . i ^ t r . 
il»ili»B* aiS 3HBm»l»E« (1974)t Umigpmtte t^mwmB^ of 
in^osio&ifai^ of Tsamim pl&mm 7#titBo3. MinSiBi^  f70l;«lii. 
J* C14m» to»»*» ISf ft54* 
J^iitfc, F.E, sad Sooteaa, I»#S, ( f f7f) t f l ^ »ff5»et of ^iti««««« 
"Titio^fi 4 i a IbiiMiii ftlftara^* ^f.Olin* linFOot* j ^ « 242S. 
a n t h , F . a . eoi^  -Oooiffiaii, B.B, (t§76)t f i t w l a A t reaepor t 
tn laiism vit^ifdn 4 to id .e i%, S» Mgl, J . Hoi. 221» ^ 5 « 
£^d.th, J * I , sisd. tooditaii, B,S. (1979) t lotiisoJ. M n a t i ^ 
B&i* Fy©e» ^ » 2504# 
^ i d . ^ , ?•!-•» ^ o o i « « t B»S», faklssaa, M.S. , aaVr. K . l « , 
vl^eMm ^p foMBOl %i»ila^ prol^int. aad px«oI'b«mdii 
ec©o©Rtyaiic»i« i a pi^te i i i ealofle i s^ l imtr i t imi . 
! • 4 ftiii-e%l<3i»l iofoot In f»pat le iretinol r«I»aa«. 
AiMsr* il«Cllii» ^tr* ^ , 973. 
Boitfe, J 3 « t Bo^iy B..D«.» aclioi* B« I»KI a<^ais^ii, £«3» (1960)t 
CoicMdiio isMMMcre of r e t l n o l MndHtiig pro to io 
m&veUm^ fey imt l i ^ o r , ^ . X4.pid ^ s . 2X» 229» 
aidltlb, J* l« t Bof4At, C. well 0<^«ti!^aa, P . S , (19S2)| EotlnoX 
in ir i tro^ Aaa* » • ! • 4^MA* S M , ^ ^ . 171. 
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of is^«et«< vitMiyi A. #• ii^3»« | § ^ 1S5« 
l^iilfe, # ^ . a»i S ^ l l o t t l , f. (f9?f)t A#Mvify of 
irttBidA A «Ma.Oi« i » ooU OQltsroo of «€«•• opiaoraio 
imS Ofgon e«3.titf«o of imam^v tvai^io&* Kiti»*o ^£1* 47* 
Cf9li)i fvovfts^oa of «3»i«ioiiI ^reiiiogoaoeiti Ity 
F»i» Fro©. ^ , 1 ^ » 
i|^ Oifa« M^« acid Bii«% i^« B«E» (1979)f C^toiie-i^fovoiiUcm of 
^ftoor nO^m FOtSii^ds* Foi« }¥@o# ^ , 2^8« 
^f»<^rii^Mt» 1 * a»i C^ MAt H*B» Cf^r7)f Oii&riio^xi«itioe of 
HooNltt. S&^ l^grs. Aoti 2§1» t^tS. 
SfOOkiriiteaK , £• iaA€ai»» l*m« (1979)$ ? i iy i f io» t i^ of goftt 
trnvm^ TOtiiiOt]. I^ i i^ t^ p ^ t e i B and ofopoyatiaii of l t « 
«!iti%od^fte« Fi^e* JsM, ^^tmim Soi* Irrs. tc^« 
^e9«fkiAf^Km.9. !•> l^otf ll»8:«» INidi^t ^•^* «BS <^ MBO« H . S . <f978>t 
e^««ioal o^iaio« «e to t lool M ^ i a g i^fotol^ (tKP)» 
pc^^lBO. im S^» 3^« Bo»« Jgi, at« 
%i>lln A»S Wmt Toilr oiii km^m&e fi«o6« iRir T^elr. 
i^in. ^r«iO^«oo* 
^^%o»Qwai» 0« ftad @im» S«B« <!f65)s lait!» ^ . €ii@m* 1 , 463. 
B^fes^i^Kii^ F.fi* ^ » | f:«u^» f.A* (t974)t TitasidtB. 4 m& 
lj8O80i»a o t i ^ l i ^ i» rot li-per* J . Kittr* 1<>l. 1466• 
Qmt^9£pmmm^ 1P*K» (197?)i lo t* i^ aetaboliiHi of rotliiol i a 
sotiaoie aei^ aiintaiiio^i ro ts o f ^ r o single io«» of 
nvSioooti^FO Totiool* #• Ifetr. I^Jt 70. 
^p^^UEir, %• «aa ^ o ^ » ^»4» (f975)» Bf«»©t of ovipaX* o 
eoiMootioo %90 «r«l e^BtfooefMfo ogiatt oo rUmMm A 
»»to^Ii«t t to imto* lot* i* 1^t« INitF* loo* 1^, I t ? . 
fisdn^^id, T.I*, ^ d l ^ , SmBmt Wi»i«*t K» *BS ^eedMni, B.8. 
f i^ia^i l i i t T»X*» i ia t^ iJ*!* and 3oiaa«yK, I»,3» (1977) i 
Yiteadii A «Bi ^ t i i i d l 1ii^i«g fro<ta»ifi i ^ t ^ o U ^ i 
rsMiMl Mi^isg pf^wAm. aXlms ^p»«ifte i a t e y a e t i ^ 
of T«ti»#l « i ^ fmtHmm i s fitire* Froe* Ifttl* 4imi« 
*f^«iB«ii, E. ( t f6f) t (MidLft <®witg.) | 5 , 433. 
fo Ti'^uda ^ i» ^Ni f^t ami iSm J^M* Btdt* J , Stitr* 
e^^nn^an of ^iar9^tt« ^ -viiffiBlfi A i s %im iiit«aliii« 
Jkwltmmmi^ t 3 * Mid t«m» B. (t965>t iriiH»it^a^2<« <»f 
ffOt^liiB Of emt^m «12]t. ^* Dairy Sei . | g , 159. 
foii]Jjt.«»i, J»l«« Hi t^aXl t @*B«« ^mdloft ]I«V*, fm^lcer, I • 3 . , 
BQliii@t^*A. as^ ^IwXliMiy ®«f. n f74) t ^* ^ i » » Bel. 
S » »I3# «^t«i f»^B l a t aa , C^» (t985)t Titasde & in 
pf«fpiaa^ e ^ liie1ai^«ii* Ihem* Aaitr* Sae* i|2.» 65* 
%ryfiataa» t« f * a i^ Kxwe^* t * F . (197i}s Altaxai aaaatn^ir 
liiA f^tliAeia im witmUm A di»fliiimt r a t l i w r . 
Mfa Set, lit* *<>^* 
M. 
^m^^ C ^ . and C ^ t t i , f • iXfmU iff*«% «f ^tia^Ui A 
T|g»l, B«, too, ll«l.S« i«iA tttiffilrt ^« Cl965)i Klst#lli;iflftl 
ana ult^MitmetBBPftl •tsiftS.wi on tfc« • f f t e t ©f v i t w i a A 
|9«® «ii3.I« i^a w r t d l i o»Xle in rm% t e s t i s* 
V«jat«t8t, A«» lilsvBii, 3 . A»3 Btt«z«(m» tmk* (f97t)t 
XsoSiitleR of tbe }mmam f«t i»sl MiiSiag |ir0t«dlB ^ 
af f in i ty thvmmX^^w&i^f* Bar. ^» M®e!iWi« g^t fSD. 
propels &mii^Xtmt f^smeemr of rmtim^t ^iadlng f i re^ la , 
m»l%«siii i^ i "ritiwLfi A in pria&t« <!to«ft<» lnam)m 
iti#Bmr» i« « ^ ^okflMWKs ,^ B« it97@)t ?l*ma irit^idii 4 
tl»i l i i ^ s t i s « aa# l i¥ t r* ^^IH^^. J » Clin* £«)»• XBir»«t* 
fAlil^piett 4« a ^ t l^s«^.» i«. (1979)1 Mme^ms&tmm «f vitaadn 4 
Va7«&t I « l . «»id B#atmt ^* Ct97^)« QmaittitatiTa a s ^ e l ^ af 
tli« u r i i ^ r j imll fMMtl #x^nitlee of raUHoa^tliP* 
n » t a ^ l i ' ^ 8 of fi'^mdik A i» th« rat* ea». J , Btjmlol. 
foakatain^yd.» $•« t lovort #«t Ci^l^, M« aisi f i o f i , 4 , Cf977)i 
Botl»i^ MaSifig f rotc ia ia eoi^i of j^Tt^tliaittiOt 
nalae^^i l i^ i ^ i S i o a ^ f o r o ^mi a f to r ^roataaiit a t a 
mttr i t ici i oiiitxa* Jarnr* S* Clia. i a t r* ^ » 196fl* 
¥^}^o«a« C»T., WrmamTp fi*ii*4foSmlel» C. a»^ Batoter* S.I* 
U9t7)« ^ ® i^lMttioii^i'p of ^statl-eiial ac« to 
-vitaato A iaduQti fOoiaataX ^jr«f!^etimi« f a t a t o l . 
tfaM» # . Ct9^^ 10b» vtaaal l^moticms of r i tas^n A. 
tlta»« mm* JS* 417. 
» a l i , <im U%B)t M&lBmk%mw \meln of vimial oiEdtaHoa, 
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I«aaeet» |,» SI 5* 
i«3»t ^* (19B05t f» r lM%Mi^ i& I » t« l la i» mll9 <f!ait-«t®riag 
«trttr6«ix* SB «afi wro^i i ^ ^ Xiir«r sitei^iiSg and 
i i l t«»to A e t^ i i i ig mVXn im 9]rl i«l i9pttie drgsite* 
I n t . ^mf* <^i»i.« M * 'f^^* 
v«b«r* f . C l ^ f ) t 4l>a»i^ifi» wiehmXmm fo r f& t 80lia1^1« 
In " I t e t f i M ^ i s l^fltltlt w^ M9*ftiM and ll^teT»»tie»al 
Qf ^ t x l t i o t t ) , i l«Bt ^* I4»s« X«e*» S.T. 119. 
V«|i«r» f* C f ^ f ) s M # ^ » f i i « ^ »e^(i»iifai« of vl t f tai j i k aotloct. 
looftoiit B«C*I»» ( f ^ f ) i XB *C|MiiBi«%inr aai Moelieaiotirr of 
P3i^t Fipii#»t«* C^o^i^R* t^V* ««•)• €lii^« 3^ 
4o)ii#giie tfioiWt i ^ t ^ l c * 
1«oo««i,S.Ga.« C f fT lh Is »^u^t«soid«* ( I s lo r , 0* • « . ) , 
wiiifeil»f» J»S, ( 1 ^ 5 ) i l»%»i«i»«'lio© of »ol«<^lar w t i i ^ to 
of f ro to i i t * %f §»3. fU tya t i o i i oe oe^ftdox* iiiAl.* mmm* 
t l D Bopoi!^ < t f ^ ) i ©e«t«^ o f i f t ta i^ i i A d«£i«t«ii i^ sua 
jcojTOpb^ l^ Bkiyida* ^ t l e o So* €72* 
V i a ^ r t » 1«» loi^flnft* B*R,» Boljaoofiy ft«^.» JOligood, J»4. , 
I4rwis» IS» iB i €teoi*r» S.^ . ( f f 7 r ) i SotiAel rfio«ptor« 
ie ®osiMMi}. #f i t l i« l i '^ t« 0^ %mm. lonS #s^otfeeli«w« 
Moelils* M.<^hy«« 4 o ^ | ^ ^ t04, 
VHaoe* iS» mi^ "^a^kms* ^* (1948)t )%aforBatiai i s t l ^ 
t«Qito-wrii»»E7 tf t tot ii^tieod ^ natoxnal idli^^ii^ A 
4ofioioii«^ i a tfeo i»at. A»or, ^ , AcuKt, g2, 357. 
75 
it^adiB A ^mn4S&9»my* Mflmetm of r«st©i-ameB #f 
i r i t i s A SiEO'ii^  f«iH^ti«n* i^atr* J* Ai^t, ^ , 189* 
BlA» 1R4 ^ f]r««ftl» 4af1li»[ iprvnatal meS i»Oitii&%al 
¥iBiiife» M» &ai Me^Mp 4« H§i^)s C«l|,i»lftf» i««p«»s» i» T»t9 
¥i8«er«t@iii* A* &i^ Sej|iNh2»» B« ( f 9 ^ ) t Bft^etl^i of 
¥olf, D,I.^ lefft5^» 0 . « . , A14rieh« P .S . , aE«^», HJU, 
tylglt t , i»«B. mta follsir* S*!t» Clf5-^)i BelaMiyaroiqr-
^t^*4Witi^l>-#«*<v»l0T0Xa#taB« Csv^mloeie AtM), » IEI«« 
Molo,fleai fs0toir# # . I»* Cfe®*, So«» 2i» •49f • 
tfoXft ^» ^ 1 ^ Mitv^Btf I.* (ff70)s B»«0Bt st'tiiios on &m» 
VoXf, 3» UWff)i m^JMiL lixk9& masBS-m In glfe^mt^tm 
»3fBtljeM®* llitti** Bmf* jm, f t . 
Volf, §• Cl9«»)i Htwijji At tm *Wsmm Smtritien* 
Fl«i^j»t Sow toflc, S , f t . 
*Olf, §• (f98t)t I« i lotory ^ta*»a«r'Cffe«i« an ^sti-oattoor 
tttamaat £* ( 1 1 ^ ) i fifiodtt A storing eoll* l^-^s* Inwfw^j* 
ToBWMto, f. « ^ Ok, M« Cl%§)t On t l» l ^ e t l o a a l attoR of 
fmioto, S» <f^2)s Stuiioo m. fat o ^ r t s ^ »11«« 
I I* B«iM»uiti«tlB» Of Tiioela A in isolatod l i f l d 
gr«iml«»# 3?re«. #ii^« AoaS, 5g, ^ F » S , 175. 
Itet^ft, §•»• ^ ^»Ti«» C«C« (Ifr4)t AXtozo^ difl^i«i}tiatio» 
of ^ o # mi^^0rmX eollo treated iiith yoldlayl aootato 
I& JilgQI* ^ * ^ ^ So<^ * M t 95» 
of ^tmAM 4 i « f l e i « i i ««it«« USm S^» i» t2Crf« 
^ i^« iA«t»r« I>« (195?) I 3 ^ auro%#^ii« in aasiMd 
ef pTO^AM 1^ i»d|ji%«4 iaieX«i of oo l l s of wmmmtf 
0jaM. ^tmmm in iantftM-CMl eom* OINnes VoidMisIrr* 
S h i v e r . m»A* »msk» Kii«« S^,. lum%* MolciK. H ^ e l . 
>9» « i t ^ frm fmUrnkmrp M^, (1975). 
a d i firstheiiie i s n t t ifi%o«itiiM» 43roh« M.otimm* Stoslnrs, 
1#Q> 2fO. 
Eil«, M., Btmg«, !»€« w^l B»2«ieiit U^* (1977) s IffiOt of 
¥l t«ide A i«fieiOf^jr «« intootliifkl otSJ. proXif)»ratioB 
m i « , H», mmm, ».€• « ^ B»l4»ift* S.f* (ff7f)t OH tlio 
fl^TfiioIoii^a %»«i8 of -vi^aiia 4 atiimlatod pr«ir^« 
<!• liatr* JfiSt* 11^» 
l i loy n,f Bme^t £#C« aa# l^l«(e»tH*f* (1961)s Ii0l4 Xn^lljig 
of r a t e|»it^oli*i tio««y»« i s iri'tenia 4 d«fi«dLtti^. 
J , »« t r * 11,1. TTfm 
m.l9t « . ^ ^ a i M i , U.S. (1^5) t t l ^ fanoMoa of Titwiia 4f 
Ctoif«»t «oaes|$t## ^aroc» §©©• ljrp» Biol . Hod* 1?^. 15§. 
7 
! • ft^mdm A mat &W eoKt«it« mf i^ UUr of gests giws • 
2« M ii»rQnp»d a»tio^ for iwi2»ti«A of t o t i a ^ ^ ^ i a g 
19114 (ixi f i«m)« 
4. Iff»iit of ei»«ti»i«ft4 loolAtoo frmi gmms leofoo on tito 
m i r l ^ md IsAfoUe filMMiJi 4 tmmX» of irttasiiA 4 
&fi<d«ftt ^i<^o* INjitr* lo t * X»^s«»t« 1^4 (in frooo). 
f« I f foot of vt tal is 4 iofl^os«y «» ^ o S4i^»ititii!«i 
l» t* ^ . T i t * Viitr* »»«• t ^ 4 Cia ftooo). 
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«Bfi#ta»ftt i^ ^wBm AHi sUli has %•«« «i^^it«d in frnmm^^^ 
#f i»tiii®I MxMsm fw^^im Ca TitanAa 4 mmtmw pp^^la). 
is. iM.€ar«« F«r ^ I s ^ i ^ # i » » m» S i r ®^^ «ibi< i^Hi ii«f« 
v t t « i i s 4 4« I I ^« t t t I f i e i ^ i i i ^ tb«» i ^ t i i ^ s 4 f i * * i i«%. 
4t iMttgiit i ^ t w u i :«%Bt(ie' # f TitiMdiji. 4 i«f ie£«ii«r ^^®ks 
4f%#r ietcmaibRli^ t^# • t f i « i i ^ ^ f firevttioi^ii 4 
9»il®d» i»S tte#s pr^vwMi ^ ^ mar ••Mi^t.ffli im 
mn^&T nm i^^mt) im ^^meAn 4 iii^^m frm mm& iy 
sm4 is t i t t^ i^ ptsO^ 0t^il.«8 f^ i^t %tm$ m^-mm ^ mmmm^ §ltmBi 
mm .iiif«it ^ l « w t 
©r s^^^U^t l««l «f *e«y gWHf^ , mamM ^mWmm m^ immkmy. 
@itrdt®»eM9 ttmw»9m^ii t te tt^ e^ SHi w»lcM of mil t l^ dx^ pnui 
®f a l l t l^ ©i^ aa® ©f ritm^M 4 €#ll<^.«mt ^ i ^ l a . 
iittaata A 4mtlmijmmf ioto^A M#el^ii..@al laidl^fie In 114 ^ntimta 
0f liiP».r, Imm^ %wmSm ma& te«art ©f ^l«ir»» f&® r»^«fm%l«i 
•ff##t iBiaFii'i Hi tit i#i»# ®@af««i «f -^ttia^a A sM ml«& free 
•5** 
with provlt««tft 4 €^»«t«iiMd0 mt i^Mmh m^ emAwaSmv 2i»mv««, 
f««t9r«^ tiM i l ^ Ijrwaii ef liip«rt ^ lag, br«iii snd immT% «f 
6 . ?ita»i!t A «»iKei«Bey a iga i i le i» t ly l#if«i«« ^am timmm 
«« een^Ted t<i iltitti&& A nui^If^eiitatieii* 4dai8i»trati«B df 
prevtiiiiiiii 4 ^ i^<«i%#a9iae io^rcnfvi ^ » vlta^lii 4 d«fiei«»fly 
li^ avoftA M 0 ^ : t ^ ^ I«al.i«ft i» i^ir^^dlii e ^ ^ n t s in a l l ^ » 
«i5R-aa« of elil^®* f^ frotein eiai^.t® of diielro fiv«s lew 
Aoot of vita«lit 4 or ^*ovitaaiifi 4 oftif©t«»oiae» «ot« 1&W9T 
mm eoo^Miroa to oMolcs gtvetm mS»ifBL&^ soeoaii'l of Wm trftft^MSt* 
t» 'W.twBlR 4 «#fi<d«i3ey eigBiflc«itl|f ^EooE a^oNt tfeo tme»BT 
Of oe l l s ia ftll t l ^ ox^siisy i*o* liimr* li»^« ^z^ii« Ittftrl of 
iM«ire &8 0mipmm§. ^ irltaantii 4 ira^lomo&tatiQR* ^opploBoiititieii 
idltb piHst^ l^ tiiElfi 4 omrotoaoide laol«t«€ trom Ts&Xat a«i oMfiaaior 
lmsv9B immmmm^ ^ m wsm^r of ot l l s tn a l l « ^ otgoao of 
vitoadB 4 Sofi€i.«Bt ehii^o* f l» lJiei««M^ varlod « i ^ ^b« iooo^ 
mmTe» of iritidetfi 4 ax^ frem tS.si^» to M.otmo* 
a* iflt&Ma 4 i«f%«|.imoy eamiwS l^ip«rtx^|ilicf (i»e« isoiOMoi 
eoll »!««) in It^wr, luisg» lii^l» a®4 hmrt of oM^e* ^l« 
sAidi^otx^ll^a ^ proiltaaELa 4 cmr#t«rioiie ioolatod Srmt 
g f « « 0 lOSVOB o f tlSJlldl a s i G02lSl«^«l'y TDStOFO^ tbO T i ^ S l B 4 
^ttfielmstcf lita^oe^ MooliimdleaX leei^isp in o tHnlar oioe of 
f • i#ti i i#l %&]»!l3if fxiitsla imm lw&%M%mA fx^ on g^ftt W^mA ^ % 
10* fm^tt^td mrms. r«tJ^0l Mudini; ^TGt9ia vm» hom&^^fmmm^ 
•l*eti>43^dT«tl#all|r a« -mlX M» ImisMiIesie&llj* flM alN»rfrU«ii 
mjm ms^^tv^m a t 2S0 wi a®fi 3!^ mfs- mspecrtlvfilsr* 13b» 
A2®0»A5^ rat.1^ wse f»OI, vMcfe i« «li®r««*«ri#tt« ©f amy 
p«rlf i«i mmm fWm 
%im Tm maX^mil^T weight 6f the psrlfi*^ goat itereii RW VM 
12* ^i^ifd,frtrati4% of GOXS 'vitaAiia A «ithf»r i s & S1IM|1« 
wm»»±ym ieen oir MMisiTft &em g^Xit into fcnr #qrisfti «^WNi 
ls«(i«a0(»d tl3« Xevtls of l'3P Cirita^ia A treut8|»ea>t fiirotelii) 
iM b # ^ b3.{^ 601-itii ».ad Hdlk of geate a t 43iff9i>«»t prnftQAm* 
In cm,m f>f i ^ I i t dosing 8^!^'dtiltt» t!i@ p#iiilr iBexii&ee In WP 
X»v«l8 Of aes-iffl an^ illlf «ae l © ^ r a« coi8far«d to tiiat 
«&»#rVBa to siugle ffiassiw €o«i«^ scliss<S«l«, "Imt la sp l i t 
toeing i^oMiert t%L# ixiarsaseS 2«in»ls @f IIM* £»ijitaiii«d fftr 
IOBg.«r fierlods* 
I3«. In m,m t»f «iagl« »seM¥« dosing siii»dml« of e<a.d 
vltamlii 4« tM« aeoretiffia of B ^ boiai^ ^B<^vit3«l» A Y«ai^i6^vi<^ 
•»r«n a»<l H i i l t e f iOf t ts . le»«ir»r, i a mm o f i ^a t t do«liig 
d ^ i t i ^ M ^ f o r l t e i » r fd r leAa i»#« isqp^ 5 ^^9 mtlmr the 
14. Mtm-mire^mmt * f trnvitaidJi A, i j i i t ] r«««^ «l« 1 * IN I1» « f 
m¥ { v i t s i d i i 4 t i«maper l p r e t i ^ s ) i a hom. %l0e^ mtWB «Bt 
milk » t i i f : ^7 t ts% 9#zlode Im goftt** f ! i t iA^mmem i n ^ ! ^ 
UimlJB muB mgdUHOi a t t2 l ioitrs p9rl9& a f ^ r t l i« t t ^ f t lwmt* 
I n t»m &f i f l i t i # ^ » g 8^«4l«le» i ^ i»agii lt i i i« o f lita<»ftMd 
EM" l««i3.8 imm Immr mm eoiq^afod t o t&s t o f o i i ^ l o ami i t iw 
dOfEiag o^o^mlOt ^ t t ^ 3 « vfio A mm^sSmmmt In iiiox««a»t 3#w ls 
o f aef«a aaS milk MB i s OROO o f ^ i % ^ Oidsg oi^oduio «K^* 
15. Aaidsiotfrn^OK o f S*««i$0«%ota>»eiQrot«isBa o i ^ o r i » « 
^agXo w i o ^ v o aooo or a a i ^ i r o Sooo ^ 3 1 1 i f i t o fou r oifeol 
Soeoo f o r fo»r eon^oasti'vo Sogro* r o a a l t o i i s aoi ineoroitfw ta 
BBF lo'PsXo i a iMitli ¥Xooa oor^n ami i ^ i l r o f goats o t d i f f o roa t 
fmrleim* f l io pook i i ^ r ^ » o i n BlQ^o oziotod a t Xeirftr aagi^lnAo 
i a oaoo ^ ^ p i i t dooiag ociso^iilo as o o ^ ^ r o i to a i i i ^ o i iM« i i « 
4le«lag oeiMiiido* t^eo s p l i t <iooia« me^m&vilw roool tod i a ^m 
onstainaeat ^ I I F I w o l s i» l io t l i oox^n a»i a i l l r o f g^ i t o * 
16* i4a ia l8 t f« t i<H i o f provitnaAa A i» i ta r» l «&rot«aoido 
i i ^ l a ^ d frmi -igrmmk loawio o f ra^iafe» firofo«a»81ir iaoroaooi t l io 
ESS* lomXo «^ %iXoi^ oorKii onl^  i d i k i a gomtii* fh» ^oidag 
««^oinl« « l p i i f i e i s t i y affootoS IBSP loiroXa* foodiag o f aaoi^vo 
of €iftret«iie^ds in ^mr •qnstl e^Hts for foar 
iaire to Xa«tiatti^ goats x<»«islt«d In t^ ® wuttslsaBffiat of 
ia«ro8MMiS 8S>' }.@ipei8 of %otl^  mrmi mki mStXkm In tlto easo of 
ii»lit SoM^^ »eJbo^ie &leto» tli^ro «»a m3etM,i!tiffiBt» \mt tiso 
sHigBi^ido Of pmk lAtmrn of BM> «&« Immr as a^ Qsiparo^  to 
i^ttglA SAi^liro do@lj^ o^iodiOi}* But Midtipl© mm&Lym dei^n^ 
•#i«(!ul« of pirovtt&Bia it e&s0^&ei.&B (!•«• tt&eslve ajftS%»t 
ginm for f ter «^ @eNB«€«tlvo di^e) i«mltod In em imwrnmrn l a 
tJio pei^ «BiCRitiiS# of ooxtHi mwA nlXk 8ir« 
17. t ^ aitho^ i»8 stasdifti^isod for tli» partfioation of 
eollialar f^tinol f^eoptoy pyottto trm^ goat ma3m$itf f l n ^ 
tiomie* fhi wet^od I s I«BO •tim» e<m&midLng ani x»rw e l a | l o . 
f8» Thm pRilfioa eollnliir ro t lao l MBiing protoia (C- i^ ) ffo» 
goot B«i^i«^ glm^ wtm #lootrojphorotioall7 as INIXI as 
tmmm&XmgLmHy !ios»igezioi»s« 
If • Tlit afe«>rpttO« i!|»»otrs» of farffiea MUnaiy glaoi C^W 
iriiovod ttNi absoT^Mfm poalcay «>&$ a t 280 IIB» ^ O to protate 
flolat^r « ^ ©tli«r a t 550 tm 4ka* to t«tii«9l nola't^. fhm ftatlo 
of A2mtAW> vmm U ^ « 
20, fba ij^leoialar if€»ij^t of |mrifl«4 asaaax? glimd tt-^I^F was 
a^Ottt IftODO dtalt^se, irMsii I s cN»api»*aM« to otfcor C-Ejl^s* 
«. iaiOia »». Of th. ^t^. Of W t « i . 4 .r « - « , 
gland s2.1a«s ifaa d«]NH^aiit mk %h» imoiiNitioci ti»& a« ntXl as 
m tli« i^ m^Qat of ml4 mUw&l ^mmm% $m tli» iii@o%atloe a t i iw i . 
mljm, 
1 
IH. '^MB A |»3f minax^ t issue fron %X<ioi mmrmt %9 mmtmsey ^ittmm 
S3* ^rvm-fmUmH Mndiag proteis (S<^BP) i « pf«*»Bt in 
MMMU7 glaiiS* I t i s also i^velwd In t ^ «^tidr« ef % -
idltaidji 4 froii ^ao«ii BUTCH W mmsmry glMt^m 
eftx«t«»^Se l^roa gt««ii leaipvs m& hm «ffiei»iitl|r UM^ feir 
